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Attachment VII. 

Program Listing 

OO+OQO00OOOOOOoOOOOOOOOOOOOOOOOOOO~OOOOOOOOOOOOOOOOOOOOOOOOOOO~OOO~~~ 10 

FINITE-DIFFERENCE MODEL HbN 20 
FOR HbN 30 

SIMULATION OF GROUND-WATER FLOW HbN 40 
IN TWO DIMENSIONS MAN 50 

MAN 60 
BY P. C. TRESCOTT, G. F, PINDER AND S. P. LARSON HAN 70 

U. So GEOLOGICAL SURVEY MbN 80 
SEPTEMBER, 1975 MAN 90 

OOOO0O0OO0OOOOOOOO00OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO~~~ 100 
MAIN PROGRAM TO DIMENSION DIGITAL MODEL AND CONTROL SEQUENCE MbN 110 
OF COMPUTATIONS MAN 120 
----------------------------------~-------------------------------MAN 130 
SPECIFICATIONS, MAN 140 
REAL l 4KEEP,M,HEADNG(32) MbN 150 
REAL QGPHI,G,GE,TEMP,Z,YY MbN 160 
INTEGER RtP,PU,DIML,DIMW,CHK,WATER,CONVRT,EVAP,CHCK,PNCH,NUM,HEAO,MAN 170 

lCONTR,LEAK,RECH,SIP,AOI MAN 180 
MAN 190 

DIMENSION Y(70000)r L(371, IFMTlt9)r IFHTZfP), IFMT3(9), NAME(991,MAN 200 
1 YY(l) MAN 210 

EQUIVALENCE (YY(l)rYfl)) MAN 220 
MAN 230 

COMMON /SARRAY/ VF4(ll)rCHK(lS) MAN 240 
COMMON /ARSItE/ IZ~JZIIPIJPIIRIJRIICIJC~ILIJLIIS,JS,IH.IMAX,IMX~ MAN 250 
COMMON /SPARAM/ WATER,CONVRT,EVAP,CHCK,PNCH,NUM,HEAD,CONTR,EROR,LEMAN 260 

1AK,RECH,SIP,U,SS,TT,TMIN,ETOIST,GETtERR,TMAX,C~LT,HMAX,YDIM,WIOTH,M4N 270 
~NUMS*LSOR*ADI,DELT,SUM,SUMP,SURS,STORE~TEST,ETQB,ETQD,FACTX,FAC~Y,MAN 280 
3IERR,KOUNT,IFINAL,NUMT,KT,KP,NPER,KTH,ITMAX,LENGTH,NWEL,NW,DIML,DIMAN 290 
4MW,JNOl,INOl,R,P,PU,I,J,IOKl,IDK2 MAN 300 

MbN 310 
DATA IFMT1/4H(1HO,4HrIStr4HlOEl~4Hl.3/,4H(ln r4HrSX,*4HlOElr4H1.3)MAN 320 

lr4H) / MAN 330 
DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MbN 340 

1,4H / MAN 350 
DATA 1FMT3/4H(1H0,4H,15,,4H14F9,4H.5/~,4H1H ,,4H5X,1,4H4F9.,4H5)) MAN 360 

1,4H / MAN 370 
DATA NAME/2Q4H ,4H STO,lHRAGE,4H COE,4HFFIC,QHIENT,4Q4H r4H MPN 380 

1 T,4HRANS,4HMISS,4HIVIT,4HY r2’4H ,4H A,QHQUIF,4HER H,QHYCMAN 390 
2RA,4HULIC,4H CON,4HOUCT,4HIVIT,4HY r4H r4H A,4HQUIF,QHER RtMPN 400 
34HASE ,4HELEV,4HATI0,4HN 9 3*4H 94H S,4HPECI,4HFIC ,4HYIEL,4WAN 410 
4HO r4Q4H r4HAQUIr4HFER r4HTOP ,4WELEV,4HAT10,4HN r4H r4HNAN 420 
SCONF,4HININ,4HG GE,4HO HY,4HORAU,4HLIC ,4tiCONO,4HUCT1,4HVITY,3Q4H MAN 430 
6 ,4H RIV,QHER H,4HEAO ,4Q4H r4H C,4HONFI,4HNING,4H GEO,QH THAN 440 
7HI,4HCKNE,4HSS ,2*4H r4H L,4HAND ,4HSURF,4HACE ,4HELEV,SHATIMAN 450 
GOt4HN ,3*4H r4H ARE,4HAL R,QHECHA,4HRGE ,4HRATE,2*4H / MAN 460 

MAN 470 
DEFINE FILE 2(14,2624,U,KKK) MAN 4GO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MbN 490 

HAN 500 
---READ TITLE,PROGRAM OPTIONS AND PROGRAM SIZE--- MAN 510 

10 READ (R,370) HEADNG MAN 520 
WRITE (P,360) HEAONG MAN 530 
READ (I?,3801 WATER,LEAK,CONVRT,EVAP,R~CH,NUMS,CHCK,PNCH,IDKl,I~K2,MAN 540 

lNUM,HEAO MAN 550 
WRITE (Pt390) WATER,LEAK,CONVRT,EVAP,R~CH,NUMS,CHCK,PNCH,IDKl,IDK2~AN 560 

l,NUM,HEAD MAN 570 



FINITE-DIFFERENCE MODEL FOR AQUIFER SIMULATION 

Program listing-Continued 

IF (NUHS.EG.CHK(ll).DR.NUMS.EQ.CHK(l2~.OR.NUMS.EQ.CHK~l3)~ GO TD 2MAN 500 
10 MAN 590 

WRITE (Pe3501 MAN 600 
STOP MAN 610 

20 READ (R1320) DIML~DIMW~NW~ITMAX MAN 620 
WRITE (Pv340) DIML~DIWW~NW,1TMAX MAN 630 

C MAN 640 
C ---COMPUTE DIMENSIONS FOR ARRAYS--- MAN 650 

IZ=DIHL MAN 660 
JZ=DIMW MAN 670 
IH=MAXO(lrNk) MAN 680 
IMAX=MAXO(DIHLIDILW) MAN 690 
ISIt~DIWL*DIMw MAN 700 
ISUM=E*ISIZ+l MAN 710 
IMXl=ITNAX*l MAN 720 
L(l)=1 MAN 730 
DO 30 11214 MAN 740 
L(I)=ISUM MAN 750 

30 ISUY=1SUM*2*1MAX MAN 760 
DO 40 I=5916 MAN 770 
L(I)=ISUM MAN 780 

40 ISUM=ISUM*ISIZ NAN 790 
IF (WATER.NE.CHK(E)) GO TO 60 MAN 800 
DO 50 X=l?rl9 MAN 810 
L(I)=ISuM MAN 820 

50 ISUH=ISUM*ISIZ MAN 830 
IP=DIML MAN 840 
JPIDIMW MAN 050 
GO TO 80 MAN 860 

60 DO 70 1=17rl9 MAN 070 
L(I)=ISUM MAN 880 

70 ISUMoISUM+l MAN 890 
IP=l MAN 900 
JP=l MAN 910 

80 IF (LEAK.NE.CHK(9)) GO TO 100 MAN 920 
DO 90 1~20922 MAN 930 
L(I)=ISUH MAN 940 

90 ISUH=ISUM*ISIi! MAN 950 
IR=DIML MAN 960 
JR=DIMW MAN 970 
GO TO 120 MAN 980 

100 DO 110 1'2Oe22 MAN 990 
L(I)=ISUM MAN1000 

110 ISUM=ISUM*l MAN1010 
IR=l MAN1020 
JR=1 MAN1030 

120 IF (CONVRT.NE.CHK(7)l GO TO 130 MAN1040 
L(23)-ISUM MAN1050 
ISUM=ISUM*ISIZ MAN1060 
IC*DIML MAN1070 
JC=OIMW MAN1080 
GO TO 140 MAN1090 

130 L(23)=ISUM MAN1100 
ISW=ISUM*l MAN1110 
IC=l MAN1120 
JC=l MAN1130 

140 IF (EVAP.NE.CHK(6)) GO TO 150 MAN1140 
L(24)=ISUM MAN1150 
ISUM=ISUM+ISIZ MAN1160 
IL=DIML MAN1170 
JL=DIMw MAN1180 
GO TO 160 HAN1190 
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Program listing--Continued 

32))) MAN1800 

a 
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Program listing--Continued 

CALL CHECKI~Y~L~l~~rY(L~S~~,Y~L~6~~rY~L~7~~rY~L~9~~,Y(L(lO~)~Y(L~lMANl8lO 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MAN1830 

CALL PRNTAI(Y~L~l))rY~L(B)~~Y~L(9))rY(L~12)~,Y~L~l4~~,Y~L(29~~~Y~LMANl640 
l(32))) MAN1850 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MAN1860 

z ---START COMPUTATIONS--- 

E 
0~*~9*0+*10*010904,0~**~ 
---READ AND WRITE DATA FOR GROUPS II AND III--- 
CALL DATAIN 
CALL ARRAY(Y~L(l2))rIFHT3rNIHEor2) 
IF tWATER.EQ.CHK(2)) GO TO 240 
CALL ARRAY(Y(L(9))rIFMT3rNAHE(lO)r3) 
GO TO 250 

240 CALL ARRAY(Y(L(17))rIFMTlrNAME(19)e4) 
CALL ARRAY(Y(L(lG))rIFMT2rNAME(28)rS) 
CALL ARRAY(Y(L(lP))tIFMT3(NIHE(37B~6f 

250 IF (CONVRT.EQ.CWKt7)) CALL ARRAY(Y(L(23))rIFMTZvNAME(46lv71 
IF (LEAK.NE.CHK(9)) GO TO 260 
CALL ARRAY(Y(L(ZO~)rIFMTl~NAHE~55),8) 
CALL ARRAY(Y(L(21)),IFHT2rNAHE(64)*9) 
CALL ARRAYtY(L(22))tIFMT2rNAME(73)*10) 

260 IF (EVAP.EQ.CHK(6)) CALL ARRAY(YfL(24))rIFMT2rNAME(82)tlL) 
IF (RECH.EQ.CHK(lO)) CALL ARRAY(Y(L(l3)),IFMTl(NPHE(9l)rlZ) 
CALL MOAT 

---INITIALIZE TRANSMISSIVITY VALUES IN WATER TABLE.PROBLEM--- 
KT-0 
IF (WATER.EQ.CHK(Z)) CALL TRANS 

C 
C ---COMPUTE ITERATION PARAMETERS--- 

IF fNUMS.EQ.CHK(ll)) CALL ITERl 
IF (NUMS.EQ.CHK(lZ)) CALL ITERE 
IF (NUMS.EQ.CHK(13)) CALL ITERJ 

C 
C ---INITIALIZE PARAMETERS FOR ALPHAMERIC HAP--- 

IF (CONTR.EQ.CHK(3)) CALL MAP 
C 
C ---COMPUTE T COEFFICIENTS FOR ARTESIAN PROBLEM--- 

IF tWATER.NE.CHK(Z)) CALL TCOF 

MAN1070 
MANlBGO 
MAN1890 
MAN1900 
HAN1910 
MAN1920 
MAN1930 
MAN1940 
MAN1950 
HAN1960 
MAN1970 
MPN19GO 
MAN1990 
MAN2000 
MAN2010 
MAN2020 
MAN2030 
MAN2040 
MPN2050 
MAN2060 
MAN2070 
MAN2080 
MAN2090 
MAN2100 
MAN2110 
MAN2120 
MAN2130 
MAN2140 
MAN2150 
MAN2160 
MAN2170 
MAN2180 
MAN2190 
MAN2200 
MAN2210 

C MAN2220 
C ---READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING PERIOD-MAN2230 

270 CALL NEWPER MAN2240 
C MAN2250 

KT=O MAN2260 
IFINALmO MPN22?0 
IERR= MAN2280 

C MAN2290 
C ---START NEW TIME STEP COMPUTATIONS--- MbN2300 

280 CALL NEWSTP MAN2310 
C MAN2320 
C ---COMPUTE TRANSIENT PART OF LEAKAGE TERM--- MAN2330 

IF (LEAK.EQrCHK(P).AND.SS.NE.O.) CALL CLAY MAN2340 
C MAN2350 
C -?--ENTER APPROPIATE SOLUTION ROUTINE AN0 COMPUTE SOLUTION--- MAN2360 

IF (NUMS.EQ.CHKtll)) CALL NEWITA MAN2370 
IF (NUMS.EQ.CHK(lZ)) CALL NEWITG HAN2380 
IF tNUHS.EQ.CHKf13)) CALL NEWITC MAN2390 

C MAN2400 
C ---CHECK FOR STEADY STATE AND PRINT OUTPUT AT DESIGNATED MAN2410 
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Program list&g-Continued 

C TIME STEPS--- MAN2420 
CALL STEADY MAN2430 

e MAN2440 
C ---LAST TIME STEP IN PUMPING PER100 ?--- MAN2450 

IF IfFINAL.NE.1) GO TO EGO MAN2460 
C MAN2470 
C ---CHECK FOR NEW PUMPING PERIOD--- MAN2480 

IF (KP.LT.NPER) GO TO 270 MAN2490 
C MPN2500 
C ---DISk OUTPUT IF DESIRED--- MAN2510 

IF (IDKZ.NE.CHK(l51) GO TO 290 MAN2520 
tALL DISK MbN2530 

E 
MAN2540 

---PUNCHED OUTPUT IF DESIRED--- MAN2550 
290 IF (PNCH.,NE.CHK(l) 1 GO TO 300 MAN2560 

CALL PUNCH MAN2570 
C MAN2580 
C --4CHECK FOR NEW PROBLEM--- MAN2590 

300 READ (R’320rEND=3101 NEXT MAN2600 
IF (NEXT.EQ.01 GO TO 10 MAN2610 

310 STOP MAN2620 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MAN2630 
C MAN264 0 
C ---FORMATS--- MAN2650 
C ,,,,,,,,-,,,,,,,,,--,,---------• ------~-------------------------------MAN~~~O 
C MAN2670 
C MAN2680 

320 FORMAT (41101 MAN2690 
330 FORMAT (‘O’r54Xv’WORDS OF Y VECTOR USED =“I71 MAN2700 
340 FORMAT (‘0”62X,‘NUMBER OF ROWS =“15/60X”NUMBER OF COLUMNS =‘rISMAN2710 

1/9X.*NUWBER OF WELLS FOR WHICH DRALrOObN IS COMPUTED AT A SPECIFIECMAN2720 
2 RADIUS =“15’/‘39X”HAXIMUM PERMITTED NUMBER OF ITERATIONS =“15)MAN2730 

350 FORMAT (‘0”36X”NO EQUATION SOLVING SCHEME SPECIFIED’ EXECUTION tMAN2740 
lERMINATED’/37X’58(‘*‘11 MAN2750 

360 FORMAT (‘l’r6OX”U. S. G. S.‘//SSX”FINITE-DIFFERENCE MODEL’/65X”MAN2760 
1FOR’/51X”SICULATION OF GROUND-WATER FLOW’//60X”JANUARY’ 1975'//1MAN2770 
233~'*0/'0'~32A4//1330) MAN2780 

370 FORMAT (2OA41 MAN2790 
300 FORMAT (16(A4rlX11 MAN2800 
390 FORMAT (‘-SIMULATION OPTIONS1 't13(A4*4X)) MAN2610 

END MANZBZO- 

SUBROUTINE OATA~~PHI.STRT~SU~I~trTRITC,S’QRE.WELL’lL’SL~PERM’GOTlCDAT 10 
1MtSY’RATE’RIVER’H’TOP’GRND’OELXiDELY’WR’NWR~ DAT 20 

---------------------------I-------------------------------- --------,,,,T 30 
READ AN0 WRITE INPUT OATA OAT 40 
,,,,,,;,--,.-,,---------------------------------------------------DAT 50 

DAT 60 
SPECIFICATIONS1 OAT 70 
REAL *GPHI’OBLE~XLABEL’YLABEL’lIlLE’XNlrMESUR OAT GO 
REAL *4M DAT 90 
INTEGER R’P’PU’DIKL’DIMW’CHK’WATER’CONVRT,EVAP’CHCK~PNCH’NUM~HEAO’OAT 100 

lCONTR’LEAK’RECHrSIP’AD1 OAT 110 
DAT 120 

OIHENSION PHI(IZ’JZ1’ STRT(IZIJZ)’ SURI~IZIJZ)’ T(IZ’JZ1’ TRfIZ’JZOAT 130 
1)’ TC(IZ’JZ1’ S(IZ’JZ)r BRE(I2’JZ) ’ WELL11Z’JZ)r TL(IZ’JZ1’ SL(IZrDAT 140 
2JZ)r PERM(IP*JP)* BOTTOM(IPeJP)r SY(IPIJP)~ RATE(IReJR)r RIVER(IR’OAT 150 
3JR1’ M(IR’JR)* TOP(IC’JC)r GRND(IL’JL1’ DELX(JZ1’ DELY(IZ1’ WR(ICoDAT 160 
4’ NWR(IH’21, A(IZ’JZ1’ IN(Q)’ IFMT(91 DAT 170 

DAT 180 
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Program listing-Continued 

COMMON /SARRAY/ VF4(1lbgCHK(lS) CAT 190 
COMMON /SPARAY/ ~ATERICONVRTIEVAPICHCK~PNCH~NUMIHEADICONTR*FROR*LECAT 200 

1AK~RECH~SIP~U,SS~TT,TYINIETOISTtOETtERR~TMAX~CCLT~HMAX~YCIM~WICTH~CAT 210 
~NUMSILSOR~ACI~CELTISUM~SUMP~SUES~STORE~TEST~ETQ~~ETQC~FACTX,FACTY~CAT 220 
3IERR,KOUNTtIFINAL~NUMT~KT~KPINPER~KTH~ITMAX~LENGTH~NWEL~N~~@IML~CICAT 230 
4MY~JNOlrINOlrRtP~PU,IIJtIDKlrIDK2 CAT 240 

COMMON /CK/ ETFLXTISTORTIQRETICWSTICHO~~PLUXT~PUMPT~CFLUXT~FLXNT CAT 250 
COMMON /PR/ XLABEL(3)rYLABEL(6)rTITLE(5)~XNlrMESUR~PRNT~l22)*BLANKCAT 260 

1f60~~CIGIT~l22~tVF1~6~~VF2~6~~VF3~7~~XSCALE~DINCH~SYM~l7~~XN~lOO~~CAT 270 
2YN(l3)rNAt4)rNlqNZ~N3rYSCALEtFACTlvFACT2 DAT 280 

COMMON /ARSIZE/ IZ~JZ~IP*JP~IR~JR~IC~JCIILIJL~IS~JS~IHIIMAX~IMX~ CAT 290 
RETURN CAT 300 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*...*......................... CAT 310 
l *******+******4ft*+* CAT 320 
ENTRY OATAIN CAT 330 
0*********it4******** CAT 340 

CAT 350 
---READ AN0 WRITE SCALAR PARAMETERS--- PAT 360 
READ (ReSOO) CONTR,XSCALEIYSCALEICINCH~FACT~~FACT~~MESUR OAT 370 
IF (CONTR.EQ.CHKt3)) WRITE (P1610) XSCALE.YSCALE.MESUR.MESURIDINCHbAT 380 

lrFACTlrFACT2 CAT 390 
READ fRe490) NPERIKTH~ERR~ERORISS~QE~~ET~ETCIST~LENGTH~H~AX~FACTX~FACCAT 400 

1TY CAT 410 
IF (ETCIST.LE.0,) ETCISTel. CAT 420 
WRITE fPt520) NPERIKTH~ERR~ERORISSIQETIET~ETCIST~FACTX~FACTY CAT 430 

CAT 440 
---READ CUMULATIVE MASS BALANCE PARAMETERS--- CAT 450 
READ (Rq600) SUMISUMPIPUMPT~CFLUXTIQRETICHSTICHDTIFLUXT~STORT~ETFLCAT 460 

1XTeFLXNT CAT 470 
IF (ICKl.EQ.CHK(14)) GO TO 20 CAT 480 
IF (SUM.EQ.0.o) GO TO 40 CAT 490 
WRITE (P*480) SUM CAT 500 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OAT 510 

CAT 520 
---HEAD DATA TO CONTINUE PREVIOUS COMPUTATIONS READ HERE--- CAT 530 
------FROM CARDS: CAT 540 
CO 10 I=ltDIML OAT 550 
REAU (Rt540) (PHI(IrJ)~J=ltCIMW) DAT 560 

10 WliITE (P1530) 1~ (PHI (IIJ) tJ=lrCIMW) CAT 570 
GO TO 40 DAT 5.90 
------READ AND lrrRITE DATA FROM UNIT 4 ON DISK RATHER THAN CARDS: DAT s(;o 

20 READ (4) PHIISUMISUMP~PUMPT~CFLUXT~QRETIC~STICHDT~FLUXT~STDRT~ETFLDAT 600 
lXT,FLXNT CAT 610 

kRITE fP1480) SUM DAT 620 
DO 30 I=l.DIML DAT 630 

30 ‘kR1TE (P*530) II (PHI (I,J) rJ=lrCIMk) CAT 640 
REWIND 4 CAT 650 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . STRT (STARTIhG HEAD) . . . . . . . . . . . . DAT 660 

40 READ (Ff1490) FACT~IVARIIPRN~IRECS~IRECD CAT 670 
IF (lHECS.EQ.l) READ (2’1) STRT D4T 680 
IF ((IVAR.EP.1.OR.IRECS.EQ.l~.ANl-J.IPRN.NE.1~ lrRITE (P1470) CAT 690 
CO 80 I=lrCIML CAT 700 
IF (IVAR.EQ.l) READ (Rt540) (STRT(IIJ)~J=~~CIMW) CAT 710 
CO 70 J=lrDIPC CAT 720 
IF (IRECS.EO.l) GO TO 60 CAT 730 
IF (IVAR.NE.l) GO TO 50 CAT 740 
STRT(IIJ)=STRT(I~J)QFACT CAT 750 
GO TO 60 DAT 760 

50 STRT(IeJ)=FACT OAT 770 
CO SURI(IIJ)=STRT(IIJ) CAT 7@0 

T(I*J)=O. PAT 785 
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Program listing--Continued 

TL(I,J)=O. 
SL(IvJ)=O. 
TR(IeJ)=O. 
TC(I*J)=O. 
bELL(IvJ)=O.O 
QRE(IrJ)=O. 

70 TF (SUM.EQ.O.O.AND.IDKl.NE.CHK(14)) P~I(IIJ)=STRT(I*J) 
IF (IVAH.EO.O.ANO.IRECS.EQ.O.~R.IPRN.EQ.l) GO TO 80 
WGITE (Pq530) I~(STRT(IIJ)~J=~~DIMW) 

PO CCNTINUE 
IF (IVAR.hE.l.AND.IRECS.NE.1~ WRITE (Pq420) FACT 
IF (IRECD.EQ.l) WRITE (2'1) STRT 
RETURN 

C 
C ---READ REMAIhING ARRAYS FROM CARDS OR DISK (AS SPECIFIED IN THE 
C .OPTIONS) AND WRITE THEM ON DISK IF SPECIFIED IN THE OPTJONS--- 
C it*itoof+4*o**oo* 

EhTRY ARRAY(AIIFMTIINIIRN) 
C oo******o4+4t4to4 

READ (Rq490) FACTIIVARIIPRN~IRECS~IRECD 
IK=4*IRECS*2"IVAR+IPRN+l 
GO TO (90r90t110t110~140~140~~ IK 

90 DO 100 I=ltDIHL 
DO 100 JalrOIMW 

100 AfIrJ)=FACT 
WRITE (P1430) INeFACT 
80 TO 160 

110 IF (IK.EQ.3) WRITE (P1440) IN 
DO 130 I=lrOIHL 
READ (R1510) (A(I,J)rJ=ltDIMW) 
DO 120 J'l~OIHW 

126 A(IIJ)=A(IIJ)*FACT 
130 IF (IK.EQ.3) YRITE (PtIFMT) IefAtItJ)rJ=lrDIMW) 

GO TO 160 
140 READ (Z*IRN) A 

IF (IK.EQ.6) GO TO 160 
WRITE IP1440) IN 
DO 150 I=lqDIML 

150 WRITE (PtIFHT) Ir(A(ttJ)tJ=lrDIHW) 
160 IF (IRECD.EQ.1) WRITE (2tIRN) A 

RETURN 
C 
C ---INSERT ZERO VALUES IN THE 1 OR PERM MATRIX AROUND THE 
C BORDER OF THE MODEL--- 
C 44**********4* 

ENTRY MOAT 
C ***a********** 

DO 180 I'lrlJIML 
DO 180 J=lrOIMW 
IF (WATER.EQ,CHK(Z)l GO TO 170 
IF (I.EQ~1.OR.I.EQ.DIHL.OR.J.EQ.l.OR.J.EQ.DIMU~ T(I+J)=O. 

DAT 790 
DAT 800 
DAT 810 
OAT 820 
DAT 830 
DAT 840 
DAT 850 
DAT 860 
OAT 870 
DAT 880 
DAT 890 
DAT 900 
DAT 910 
DAT 920 
DAT 930 
DAT 940 
OAT 950 
DAT 960 
DAT 970 
DAT 980 
OAT 990 
OAT1000 

DATlOlO 
OAT1020 
OAT1030 
DAT1040 
OAT1050 
DAT1060 
DAT1070 
DAT1080 
DATlO90 
DATllOO 
OAT1110 
DATll20 
DAT1130 
DAT1140 
OAT1 150 
OAT1160 
DA11170 
DATll@O 
DAT1190 
DAT1200 
DA71210 
DAT1220 
CAT1230 
OAT1240 
DAT1250 
OAT1260 
OAT1270 
DAT1280 
DAT1290 

GO TO 180 DAT1300 
170 IF (I.EQ~l.OR.I.EQ.OIML.OR~J.EQ.l.OR.J.EQ.DIMW~ PERHfI,J)=O. DAT1310 
180 CONTINUE DAT1320 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DELXIOELY . . . . . . . . . . . . . . . . . . . . . ..DATl330 
READ (Rt490) FACT~IVARIIPRN~IRECSWIRECD DAT1340 
IF fIRECS.EC.1) GO TO 210 DAf1350 
IF fIVAR.EQ.1) READ (Re490) DELX DATl360 
DO 200 J=lrCIMW DAT1370 
IF (IVAR.NE.l) GO TO 190 DAT1380 
DELX(J)=DELX(J)*FACT DAT1390 
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Program listing-Continued 

GO TO 200 
190 DELX(J)=FACT 
200 CONTINUE 

GO TO 220 
210 READ (2'13) DELX 
220 IF (1RECD.EQ.I) WRITE (2'13) DELX 

IF ~IVAR.EQ.l.OR.IRECS.EQ.l.AND.IPRN.NE.1) WRITE (P1550) OELx 
IF (1VAR.NE.l.AND.IRECS.NE.l) WRITE (Pe450) FACT 
READ (Re4901 FACT,IVARIIPRNIXRECSIIRECD 
IF (IRECS.EQ.1) GO TO 250 
IF (IVAR.EQ.l) READ (Rv490) DELY 

DO 240 I=lrOXML 
IF (XVAR.NE.1) GO TO 230 
DELY(I)=DELY(I)*FACT 
GO TO 240 

230 DELY(X)=FACT 
240 CONTINUE 

GO TO 260 
250 READ (2'14) DELY 
260 IF (XRECD.EQ.l) WRIT 

IF (IVAR.EQ.l.OR.IRE 
IF (XVAR.NE.~.ANDIXR 

C 

E (2'14) DELY 
CS.EQ.l.AND.IPRN.NE.1) WRITE (Pv560) DELY 
ECS.NE.1) WRITE (Pv460) FACT 

C ---INITIALIZE VARIABLES--- 
JNOl=DIMW-1 
INOl=OXML-1 
IF (LEAK.NE.CHK(9).0R.SS.NE.O.) GO TO 280 
00 270 1=211NOl 
DO 270 J=2rJNOl 
IF (M(IvJ).EQ.O.) GO TO 270 
TL~X~J)=RATE~XIJ)/M(X~J) 

270 CONTINUE 
280 ETQB=O.O 

ETQO=O.O 
SUBS=O.O 
WlrO 
TTnO.0 
XM=WIN0~6*DIHW~4rl24~ 
XM=(132-IM)/2 
VF4(3)+DIGXT(IMb 
VF4(B~=DIGXT(IM*S~ 
WIDTkirO. 
DO 290 J=2rJNOl 

290 WIDTH~WIDTH*DELX~J~ 
YDIN=O. 
00 300 1=211NOl 

300 YDIN=YOI~*OELY~I~ 
RETURN 

OAT1400 
OAT1410 
OAT1420 
OAT1430 
OAT1440 
DAT1450 
OAT1460 
OAT1470 
DA11480 
OAT1490 
OAT1500 
OAT1510 
OAT1520 
DAT1530 
OAT1540 
OAT1550 
OAT1560 
OAT1570 
OAT1580 
OAT1590 
OAT1600 
OAT1610 
OAT1620 
DAT1630 
OAT1640 
OAT1650 
OAT1660 
OAT1670 
DATl660 
OAT1690 
DAT1700 
DAT1710 
DAT1720 
DAT1730 
OAT1740 
OAT1750 
OAT1760 
DAT1770 
OAT1780 
DATl790 
OAT1800 
DATl810 
OAT1820 
oATl830 
OAT1840 
DA11850 
DA11860 
OAT1870 - 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..o~....~ATl880 
C OAT1890 
C ---READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING PERIOD-DAT1900 
C O*~a~*OI*OI*~*~O*QO~OQO* DAT1910 

ENTRY NEWPEA DAT1920 
C •4QQQIO~*OQI~QQI~*~~*~*~ OAT1930 
C DAT1940 

READ (Ra490) KPIKPM~~NWELITMAXINUMT~COLTIDELT~DELT OAT1950 
C OAT1960 
C ---COMPUTE ACTUAL DELT AND NUt'tT--0 OAT1970 

DT=DELT/24. DAT1980 
TM=O.O DAT1990 
DO 310 I=lrNUHT OAT2000 



86 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

310 

320 

330 

C 
C 

340 

350 

360 
370 

C 
C 

300 
390 
400 
410 

C 
C 

z 

: 
C 

420 
430 
440 
450 
460 
470 
480 

Program Ming-Continued 

DT=CDLT*Df 
THnTH+DT 
IF (fM.GE.TMAx) GO TO 320 
CONTINUE 
GO TO 330 
DELT=THAX/TM*DELT 
NUMT=I 
WRITE (P’570) KP’TMAX’NUMT’DELT’CDLT 
DELT=DELT*3600. 
TMAX=THAX*86400. 

---INITIALIZE SUMP’ STRT’ SL’ WELL AND WR--- 
WRITE (P’S801 NWEL 
IF IKP.GT.KPHl) SUMP=O. 
DO 350 I=l’DIML 
DO 350 J=l’DIHW 
IF fKP,EQ,KPMl) GO TO 340 
STRT(I’J)=PHI(I’J) 
IF (LEAK.NE,CHK(Q)) GO TO 350 
IF (M(I’J).EQ.O.) GO TO 350 
SL~I’J~~RATE~I’J~/M(I’J)*(RIVER(IIJ)-STRTtI’Ji) 
WELLfI’J)=O. 

OAT2010 
OAT2020 
OAT2030 
DA12040 
OAT2050 
OAT2060 
OAT2070 
OAT2000 
OAT2090 
OAT2100 
OAT2110 
DATE120 
OAT2130 
OAT2140 
OAT2150 
OAT2160 
OAT2170 
OAT2180 
OAT2190 

IF (NW.EQ.0) GO TO 370 
DO 360 I'l'NY 
WR(I)rO. 
IF (NWEL.EQ.0) GO TO 410 

---READ AND WRITE WELL PUMPING RATES AND WELL,RPDII--- 
KU-0 
DO 400 II~l'NwEL 
READ fR’490) I’J’~ELL(I’J~‘RADIUS 
IF (RAOIUS.EQ.0.) GO TO 300 
KWoKN* 1 
IF (KW.GT.NW) GO TO 380 
NWR~KW’l)=I 
NWR(KW’2)=J 
WRfKW)=RADIUS 
WRITE fPt590) I’J’WELLfI’J) ‘WRfKW) 
GO TO 390 
WRITE (P’590) I’J’WELL(I’J) 
WELL(I’J~=CELL(I’J)/(DELX(J)*DELY~X)) 
CONTINUE 
RETURN 

OAT2200 
OAT2210 
OAT2220 
OAT2230 
OAT2240 
OAT2250 
OAT2260 
OAT2270 
OAT2260 
OAT2290 
OAT2300 
OAT2310 
OAT2320 
DA 72330 
OAT2340 
OAT2350 
DA72360 
OAT2370 
OAT2300 
DA12390 
OAT2400 
DOT2410 
OAT2420 
OAT2430 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*............................... DAT2440 
OAT2450 

FORMATS I OAT2460 
OAT24?0 

~~-~~~-II--------~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OAT2400 
DbT2490 
OAT2506 

FORMAT (‘O”63X”STbRTING HEAD n”G15.7) OAT2510 
FORMAT ~'O"41X'9A4"="G15.7~ DAT2520 
FORMAT (‘1”49X’964’/‘65X”MATR1X”/‘50X’36~’-’~1 OAT2530 
FORMAT (‘O”72X”OELX =“G15.7) DbT2540 
FORMAT f’O”72X”OELY =“G15.7) OAT2550 
FORMAT (‘l”60X”STARTING HEAD MATRIX’/6lX’20(‘-0) ObT2560 
FORMAT (‘l”40X” CONTINUATION - HEAD AFTER “620.7” SEC PUMPING OAT2570 - ----- 1*/42X*58(*-0) ObT25eO 

490 FORMbT (8GlO.O) DbT2590 
500 FORMAT ~A4'6X'5010.0'68) OAT2600 
510 FORMAT (20F4.0) OAT2610 
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Program listing-Continued 

87 

C 

C 

520 FORMAT (‘O**SlX**NUMBER OF PUMPING PERIODS =**15/49X**TIME STEPS GOAT2620 
1ETWEEN PRINTOUTS n’eI5//51Xq’ERROR CRITERIA FOR CLOSURE P*rG15.7/4DAT?tf,30 
21X*’ STEADY STATE ERROR CRITERIA =‘~G~S.~//QQXI*SPECIFIC SDA12640 
3TORAGE OF CONFINING BED =‘*Gl5.7/54X*‘EVAPOTRANSPIRATION RATE =*,GDAT265G 
415.7/56X*‘EFFECTIVE DEPTH OF ET ~‘*Gl5.7//22X*‘MULTIPLICATION FACTDAT2660 
50R FOR TRANSNISSIVITY IN X DIRECTION =‘rG15.7/63Xe*IN Y DIRECTION OAT2670 
6=‘*615.7) DAT2600 

530 FORMAT (‘O’eIZv2X,20F6.1/(5Xe2OF6.1)) DAT2690 
540 FORMAT (GF10.4) DAT2700 
550 FORMAT ~lH1~46X~40HGRID SPACING IN PROTOTYPE IN X DIRECTION/47X*40DAT2710 

1~‘~‘)//(‘0’*12FlO*O~~ OAT2720 
560 FORMAT (lH-*46X*40HGRID SPACING IN PROTOTYPE IN Y DIRECTION/47X*4ODAT2730 

I(‘-‘)//(‘0’*12FlO.O)) OAT2740 
570 FORMAT f’-‘*SOX**PUHPING PERIOD NO.**I4t*;‘*FlO.Z** DAYS*/51X*3G(*DAT2750 

1~‘)//53X*‘NUMBER OF TIME STEPS=‘*I6//59X**DELT IN HOURS =**FlO.J//DAT2760 
253X**MULTIPLIER FOR DELI “rF10.3) OAT2770 

580 FORMAT (‘-‘*63X*14* ’ NELLS’/65X*9(‘-0//5OX*‘I’*9X**J PUMPING RDAT2780 
1ATE WELL RADIUS’/) DAT2790 

590 FORMAT (41X*2110*2F13.2) OAT2800 
600 FORMAT (4G20.10) DAT2810 
610 FORMAT (‘0’*30X**ON ALPHAMERIC MAPI*/40X**MULTIPLICATION FACTOR FODAT2820 

1R X DIMENSION r**G15.7/40X*‘MULTIPLICATION FACTOR FOR Y DIMENSION DAT2830 
2=‘*G15,7/55X**MAP SCALE IN UNITS OF ‘rAll/50X*‘NUMBER OF ‘*AG** PDAT2840 
3ER INCH =**G15.7/43X*‘MULTIPLICATION FACTOR FOR DAAWDOWN =‘,G15.7/DAT2850 
447X**MULTIPLICATION FACTOR FOR HEAD =‘*G15.7) DAT2860 

END DAT2870- 

SUBROUTINE STEP~PHIIKEEPISTRTISURIIT~~ELLIPERH,BOTTOM,TOP~DELX~DDNSTP 10 
~~DELYIWR~NWA~TEST~) STP 20 

--------~--.---~--------------------------------~-----------------STp 30 
INITIALIZE CATA FOR TIME STEPI CHECK FOR STEAOY STATE* STP 40 
PRINT AND PUNCH RESULTS STP 50 
--,-,--------,,--,------------------------------------------------STp 450 

STP 70 
SPECIFICATIONS! STP 80 
REAL ~6PHI~DBLE~DABS~TEST2rDnAXlrXLdBELIYLABEL~YLABEL~XNl~MESUR~TITLE STP 90 
REAL “4MINSvMwKEEP STP 100 
INTEGER RIPIPU~DIMLIDIMW~CHK~YPTERICONVRT,EVAPICHCK~PNCH~NUM*HEAD~STP 110 

1CONTReLEAKtRECHrSIPtADl STP 120 
STP 130 

DIMENSION PHI(IZrJZ)r KEEP(IZ,JZ)r STRT(IZeJZ)r SURItIZeJZ)r TtIZtSTP 140 
1JZ)r GOTTOM~IPIJP)~ WFLL~IZIJZ)~ PERM(IP*JP)r TOP(ICIJC)* DELX(JZ)STP 150 
21 DDNtJZ)e CELY(IZ)r WRfIH)v NWRt1H12br ITTO(2OO)r TESTJtIMXl) STP 160 

STP 170 
COMMON /SARRAY/ VF4(ll)rCHK(lS) STP 180 
COMMON /SPARAH/ WATERICONVRTIEVAP~CHCK,PNCHINUM,HEAD~CONTR~~ROR~LESTP 190 

1AK~RECHtSIP~U~SStTT(TMINIETDISTIOETIERR~TMAX~CDLT~HMAX~YDIM,WIDTH~STR 200 
2NUMS~LSOR~ACI,DELTrSUM,SUMPISUBSISTORE,TEST~ETQGtETQD,FACTX,FAClY~STP 210 
3IERR~KOUNTrIFINAL~NUMT~KT~KPINPERtKTH~ITMAX~LENGTH~NWEL~N~~DIML~OISTP 220 
4MW~JNOlrINOlrR~P~PUIIIJIIDKl~IDK2 STP 230 

COMMON /CK/ ETFLXT,STORT~QRET~CHST,CHDT~FLUXTIPUMPtrCFLUXT~FLXNT STP 240 
COMMON /ARSIZE/ IZ,JZ~IP~JP~IR~JR~ICIJCtILIJLIlSIJSIIHtIMAX~IMXl STP 250 
COMMON /PR/ XLA~EL(~)~YLABEL(~~~TITLE(S),XN~~MESURIPRNT~~~~)*SLANKSTP 260 

l~6O~rDIGIT~122~~VF1~6~~VF2~6~rVF3~7~rXSCALE~DINCH~SYM(l7~~XN~lOO~~STP 270 
2YN(13)rNA(4)tNlrN2rN3rYSCILE~FACllvFACT2 STP 200 

STR 290 
DATA PIE/3r141593/*YYY/ZOOOOOOOO/ STP 300 
RETURN STP 310 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..t..... STR 320 

STP 330 
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Program listing--Continued 

---START A NEW TIME STEP-- SIP 340 
o**o+ao*o*o*ooOIoo*o STP 350 
ENTRY NEYSTP SfP 360 
l o*oo*oooo*444oo*o** STP 370 
KT=KT*l STP 300 
KOUNT=O STP 390 
DO 10 I=lrOIHL SIP 400 
00 10 J=lrOIMY STP 410 
KEEP(IeJ)rPHI(IrJ) STP 420 
OELT=CDLT*OELT STP 430 
SUM=SUM+DELT STP 440 
SUMP=SUMP*OELT STP 450 
OAYSPISUMP/B~SOO. STP 460 
YRSPoDAYSP/365r STP 470 
HRS=SUM/3600. STP 480 
MINS=HRS*60. STP 490 
DAYS=HRS/24, STP 500 

YRS=OAYS/365. STP 510 
RETURN STP 520 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~............................... stp 530 

STP 540 
STP 550 
STP 560 
STP 570 
STP 580 
STP 590 
STP 600 
STP 610 
STP 620 
STP 630 
STP 640 

0 

---CHECK FOR STEADY STATE--- 
l o4o*4o4oo**o4o4oo*4o 

ENTRY STEADY 
oo4o44ooo*o4*4*oo444o 

TESTZ=O. 
00 20 1=211NOl 
DO 20 J=ZvJNOl 
TEST2~DCAXl~TEST2~DABS~DBLE~KEEP~I~J~~~PHI~I~J~~~ 
IF (TEST2.GE.EROR) GO TO 30 
WRITE (P1330) KT 
IFINAL= 
QO TO 40 
IF (KT.EQ.NUWT) IFINAL= 

---ENTRY FOR TERMINATING COMPUTATIONS If MAXIMUM ITERATIONS 
EXCEEDEO--- 
l **404*4440*444*04404 

ENTRY TERM1 
*4440*4*044*4*400**** 

If (KT.GT.200) MRITE (P*400) 
ITTO(KT)=KOUNT 
If (KOUNT.LE.ITMAX) GO TO 80 
IEAR= 
KOUNTmKOUNT-1 
ITT0 (KT) =KOUNT 
IF (KT.EQ.l) GO TO 60 

---YRITE ON DISK OR PUNCH CARDS AS SPECIFIED IN THE OPTIONS--- 

STP 650 
STP 660 
STP 670 
STP 600 
STP 690 
STP 700 
STP 710 
STP 720 
SIP 730 
STP 740 
STP 750 
STP 760 
STP 770 
STP 700 
STP 790 
STP BOO 
STP 010 
STP 020 
STP 830 XXX=SUM-DELI 

IF (IDKZ.EQ.CHK(l5)) WRITE (4) ~~KEEP~I~J~rYYYtI=lrDIML~rJI1,DIMW~Sl~ 840 
1rXXX~SUMP~PUMPT~CfLUXTIQRETICHSTICnDT~FLUXT~STORT~ETFLXT~fLXNT STP 850 

IF (PNCH.NE.CHK(l)b GO TO 80 STP 060 
WRITE (PUv360) XXXISUMPIPUMPT~CFLUXT,QRETICHST~C~DT,FLUXT~STORT~ETSTP 870 

1FLXTeFLXNT STP 880 
DO 50 I=ltDIML STP 890 

50 WRITE (PU1350) (KEEP(ItJ)rJ=l,DIMb) STP 900 
GO TO 00 STP 910 

60 IF (IOK2.EQ,CHK(lS)) bRITE (4) PHIISUMISUMPIPUMPTICFLUXTIORETICHS~S~P 920 
lrCHOTrFLUXTrSTORT,ETFLXTIFLXNT STP 930 

If (PNCHmNE,CHK(l)) GO TO 80 STP 940 
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Program listing-Continued 

WRITE (PU1360) SUHISUHPIPUMPTICFLUXTIORETICHSTICHOTIFLUXT~STORT~E~STP 950 
IFLXTrFLXNT STP 960 

00 70 I=l,OIML sip 910 
70 WRITE (PUe3SO) (PH1(11J)rJ=lr01~W) STP 980 

C STi’ 990 
80 IF (CHCK.EQ.CHK(5)) CALL CHECK STPlOOO 

IF (IERR.EQ.2) GO TO 90 STPlOlO 
C STP1020 
C ---PRINT OUTPUT AT DESIGNATED TIME STEPS--- STP1030 

IF ~MOO(KT~KTH).NE.O.ANO.IFINAL.NE.l~ RETURN STP1040 
90 WRITE (P1340) KT~OELTISUHIMINSIHRSIDAYS~YRS~DAYSP~YRSP STP1050 

IF (CHCK.EQ.CHK (5) 1 CALL CWRITE STP1060 
IF (TT.NE.0.) WRITE fP1320) TMI,NrTT STPlO70 
KOUhT=KOUNT+l STP1080 
WRITE (P*300) (TEST3tJ) tJ=lrKOUNT) STP1090 
;;I;’ (Pe290) TEST2 STPllOO 

IS=0 
S7PlllO 
STPll20 

100 ISnI5*40 STPll30 
II+HINO (KTeI5) STPllbO 
WRITE (Pw390) (It1=13r14) srq1150 
WRITE (P1380) STPll60 
WRITE (P1370) fITTO eI=13r14) STPll70 
WRITE (P1380) stpiiao 
IF LKT.LE.15) GO TO 110 STPll90 
x3=13+40 STPl200 
GO TO 100 STPlElO 

E 
STP1220 

---PRINT ALPHAMERIC MAPS-r- STP1230 
110 IF (CONTR.NE.CHK(J)) GO TO 120 STP1240 

IF (FACTl.NE.0.) CALL PRNTA(1) STP1250 
IF (FACT2.NE.0.) CALL PRNTA(2) STP1260 

120 IF fHEAD.NE.CHK(G)) GO TO 140 STP1270 
C S!P12EO 
C ---PRINT HEAD MATRIX--- STP1290 

WRITE (P1310) STP1300 
00 130 I’lrCIML STP1310 

130 WRITE (PtVF4) II~PHI(I~J)~J=~~OIM~~ STP1320 
140 IF (NUM.NE.CHKfQ)) GO TO 170 ST@1330 

: 
STP1340 

---PRINT DRAWOOWN~~- STP1350 
WRITE fP9280) STP1360 

C 0***00***0400**0*v** sip1370 
ENTRY DRON STP1380 

C l 0*00*00***00040000* STP1390 
DO 160 I=lrOIML STP1400 
00 150 J=ltCIMW STP1410 

150 OON~J~~SURI(IIJ)-PHI~I~J) STPl420 
160 WRITE (P*VF4) I~~DON(J)rJ=l,DIMW) STP1430 
170 IF (NW.EO.O.OR.IERR.EQ.1) GO TO 230 kTb1430 

C ,.............................,................,........~~*~a~~~~~ STP1450 
C STP1460 
C ---COMPUTE APPROXIMATE HEAD FOR PUMPING WELLS--- STP147b 

WRITE (P12601 STP1480 
DO 220 KY=l~NW STP1490 
IF (WR~KW).EO.~.) GO TO 220 STPlSOO 
I=NWH(KW,l) STPlSlO 
J=NhR(KW*2) STP1520 

c STP1530 
C CChrPUTE EFFECTIVE RAOIIJS OF WELL IN MODEL--- SfP1540 

STP1550 
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Program listing--Continued 

IF (WATER.NE.ChK(Z)) GO TO 180 STP1560 
IF (CONVRT.NE.CHK(7)I GO TO 190 STPl570 
IF ~PtlI~I,J).LT.TOP~I~J~l GO TO 190 STPl580 

c STP1590 
C ---COMPUTATION FOR WELL IN ARTESIAN AQUIFER--- STPl600 

180 Hk=~HI~ItJ~*WELL~ItJ~Q6LOG~RE/WR~KW~~/~2.*PI~*T~I~J~~*DELX~J~*DELYSTPl6l~ 
l(I) STP1620 

GO TO 210 STP1630 
C STP1640 
C ---COMPUTATION FOR WELL IN WATER TARLE AQUIFER STP1650 

190 HED=PHI(I*J)-BOTTOM(I,J) STP1660 
ARG=HED~HED~WELL~I~J~rALOG~RE/WR~Kw~~/~PIE*PER~~I~J~~*DELX~J~*DEL~ST~l670 

l(I) STPl680 
IF (ARG.GT.0.) GO TO 200 STP1690 
WffITE (Pe270) I,J STP1700 
GO TO 220 STP1710 

200 HW=SQRT(ARGl*F!OTTOM(IvJl STP1720 
C STP1730 
C ---COMPUTE DRAWDOWN AT THE WELL AND PRINT RESULTS--- STP1740 

210 DPAW=SURI(IVJ~-HW STP1750 
WRITE IP1250) ItJI~R(K~)rH~aDRAtd STP1760 

220 CONTINUE STP1770 
230 IF (IERR.NE.2) RETURN STP17BO 

STOP STP1790 
C STP1800 
C ---DISK OUTPUT--- STPlelO 
C, *********it****** STP1820 

EhTRY DISK STPl830 
C **************** STP1840 

WRITE (4) PHIISUHISUMPIPUMPT,CFLUXT~QRET,CHSTICHDT*FLUXT*STDRT*~TFSTP~~~@ 
lLXT,FLXNT STP1860 0 

RETURN STP1870 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*........................... STPl880 
C STP1890 
C ---PUNCHED OUTPUT--- STPl900 
C ******************** STP1910 

ENTRY PUNCh STPI920 
C *o********o****o**** STP1930 

WGITE (PU1360) SUH.SUMPIPUMPT~CFLUXTIOWETICHST,CHDT~FLUXT~STORT~ETSTP~~~O 
1FLXTqFLXNT STP1950 

DC 240 I=l,DIYL STPl960 
240 WRITE (PU135o) (PHI(IIJ~*J=I~DIHW) STPl97n 

RETURN STP1980 
C STP1990 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . STPZOOO 

E 
STP2010 

FORMATS I STP2020 
C STPEOJO 
C STP2040 
C ,-----------------------------------------------------------.-----~TP~Q~Q 

STP2060 
STP2070 

250 FORMAT (’ ‘r43Xt215~3F11.2) STP2080 
240 FORMAT (‘0’rSOXefHEAD AND DRAWDOWN IN PUMPlNG uELLS’/SlX.34(‘-‘,//~~~~~~~ 

148XI’I WELL RADIUS 
270 FORMAT (’ t43X.215.’ 

HEAD DRAWDOWN’//) 
WELL IS DRY,) STPEllO 

280 FORMAT ~lHlr6OXr’DRAWDOWN’/6lX~G~‘~‘~~ STP2120 
290 FORMAT (,OMAXIMUM CHANGE IN HEAD FOR THIS TIME STEP =*rFlO.J/’ ‘r5STP2130 

13(‘-0 1 STP2140 
300 FORMAT ('OMAXIMUM HEAD CHANGE FOR EACH ITERATIONI’/@ @r39((-~)/(~OSTP2150 

1~~10~12.4ll STP2160 

c 
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C 

C 

Program Wing-Continued 

310 FORMAT (‘1**60X**HEAO MAtRIX*/61X*ll(*-0) STP2170 
320 FORMAT (‘ODIHENSIONLESS TIME FOR THIS STEP RANGES FROH**Gl5.7** TSTP2180 

lO’tG15.71 STP2190 
330 FORMAT (‘0**+4eSTEADY STATE AT TIME STEP**I4,“*4~4*1 STP2200 
340 FORMAT ~lHl*44x*57~*-‘)/45X**~**l4X*‘TIME STEP NUMBER =‘r19,14XptlSTP2210 

1*/45X*57(*-O//SOX*29HSIZE OF TIME STEP IN SECONDS=*Fl4.2//55X**TOSTP2220 
2TAL SIMULATION TIME IN SECONDS=**F14.2/80X*8HMINUTESorF14.2/82X,6HSTP223O 
3HOURS=*F14.2/83X*5HDAYS~*Fl4.2/82X**YEARS~**Fl4.2///45X**DURATION STP2240 
40F CURRENT PUMPING PERIOD IN DAYS=*tF14.2/82X*‘YEARS=**Fl4.2//) STP2250 

350 FORMAT (GF10.41 STP2260 
360 FORMAT f4020.101 STP2270 
370 FORMAT ~‘OITERATIONS1’*40I3l STP2280 
380 FORMAT T’ ‘*lOf’-‘1) STP2290 
390 FORMAT (‘OTIHE STEP I**40131 SfP2300 
400 FORMAT (‘O**lO(***) ,‘THE NUMBER OF TIME STEPS EXCEEDS THE DIMENSIOSTP2310 

1N OF THE VECTOR ITT0 AND MAY CAUSE UNEXPECTED RESULTS IN ADDITIONASTP2320 
2L*/‘OCOCPUTATION. AVOID PROBLEMS BY INCREASING THE DIMENSION OF TSTP2330 
3HE VECTOR ITT0 IN STEP’*lO(‘~*Ib STP2340 

END STP2350- 

SUGROUTINE SOLVEl~PHI*8E*G*TEMP*KEEP*PHE*STRT*T*S*QRE*WELL*TL*SL,DS 
lEL*ETA*V*XI*DELX*8ET*DELY*ALF*TEST3*TR*TC*GRND*SY*TOP*RATE*M*RIVERS 
2) S 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo”ooooooo~ 
SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE S 

00000000000000000000000000000000000.0000000000000000000000000000~0~ 
S 

SPECIFICATIONS: s 
REAL ~~PHI*DBLE,RHOP~20~*G*GE,TEWPtDABSIWlfES*W*TEST2*DMAXl*RHO*B,D*F*H*S 

IGl*E*CH*GH*BH*Dti*EH*FHtHHtALFA*BETA*GAMA*RES S 
REAL l 4KEEP*M S 
INTEGER R*P*PU*DINL*DIMW*CHK*WATER*CONVRT*EVAP*CHCK*PNCH*NUM*HEADtS 

lCONTR*LEAK*RECH*SIP*IORDER~2ll*ADI S 
S 

DIMENSION PHI(l)* BE(l)* G(l)* TENP(l)* KEEP(l)* PHEtll* STRTfl)* S 
If(l)* S(l)* QRE(l)* WELL(l)* TLll)* SL(l)* DEL(l)* ETA(l)* v(l)* XS 
2Ill)r DELX(l)* GET(l)* DELYtl) * ALF(l)* TEST3(1)* TR(l)* TC(ll* GRS 
3ND(l)* SY(l)* TOP(l)* RATE(l)* H(l)* RIVER(l) 

: 
COMMON /SARRAY/ VFQ(ll)*CHK(lS) S 
COMMON /SPARAM/ WATER*CONVRT*EVAP*CHCK*PNCH*NUH*HEAD*CONTR*EROR*LES 

lAK*RECH*SIP*U*SS*TT*TMIN*ETDIST*QET*ERR*TMAX*CDLT*HHAX*YDIM,WIDTH*S 
2NUMS*LSOR*AOI*DELTtSUM*SUMP*SUBS*STORE*TEST*ETGB*ETQD*FACTX*FACTY*S 
3IERR~KOUNT~IFINAL~NUMT~KT~KPINPERIKTH~ITMAX~LENGTH~NWELtNW~DINL~DIS 
4MW*JNOl*INOl*R*P*PU*I*J*IDKl*IDK2 S 

RETURN S 
.*.............v.......*...,.,.................................... S 

S 
---COMPUTE AND PRINT ITERATION PARAMETERS--- 
*4*44444444444444444 z 
ENTRY ITERl S 
444444444444444U4444 S 
---INITIALIZE ORDER OF ITERATION PARAMETERS (OR REPLACE WITH A S 
READ STATEMENTl--- S 
DATA 10RDER/1*2v3*4*5*1*2*3*4*5*11~1/ S 
IZ=INOl-1 S 
JZ=JNOl-1 S 
LEaLENGTH/ S 
PLZ=LZ-1 l S 

WPO. S 

P 10 
P 20 
P 30 
P 40 
P 50 
P 60 
P 70 
P eo 
P 90 
P 100 
P 110 
P 120 
P 130 
P 140 
P 150 
P 160 
P 170 
P 180 
P 190 
P 200 
P 210 
P 220 
P 230 
P 240 
P 250 
P 260 
P 270 
P 280 
P 290 
P 300 
P 310 
P 320 
P 330 
P 340 
P 350 

,P 360 
:p 370 
:P 380 
:P 390 
iP 400 
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PISO. 
c 

SIP 410 
SIP 420 

z ---COMPUTE AVERAGE MAXIMUM PARAMETER FOR PROBLEM--- SIP 430 
DO 10 1=211NOl SIP 440 
DO 10 J=2rJNOl SIP 450 
N=I*OIML*tJ-1) SIP 460 
IF (T(N).EQ.O.) GO 10 10 SIP 470 
PI=PI+l. SIP 480 
DX=OELX(J1/UIDTH SIP 490 
DY=DELY(I1/YDIM SIP 500 

u=w*1. ~AMINl(2.*DX~DX/(l.*FACTY*bXaOX/~FACTX~DY*DY~~~2.~DY*DY/~l.*SIP 510 
1FACfX*OY*DY/(FACTY*DXoDXI)) SIP 520 

CONTINUE SIP 530 
Y8Y/Dl SIP 540 

10 

C 
C 

. . mr. e 

SIP 550 

20 
C 
C 

30 

---COMPUTE PARAMETERS IN GEOMETRIC SEQUENCE--- 
PJP-1. 
DO 20 I=lvL2 
PJ=PJ*l. 
TEHP(I)rl.-(1.0W)**(PJ/PL2) 

---ORDER SEQUENCE OF PARAMETERS--- 

C 
C 
C 

40 

DO 30 J=leLENGTH S 
RHOP(J)=TEMP(IORDER(J1) S 
WRITE 1P13701 HWAX S 
WRITE (Pv3801 LENGTHe(RHOP(J)rJ=lvLENGTH) S 
RETURN S 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 

S 

50 
C 

C 
60 
70 

---INITIALIZE DATA FOR A NEW ITERATION--- 
KOUNT=KOUNT*l 
IF (KOUNT.LE.ItMAX) GO TO 50 
WRITE (Pt3601 
CALL TERN1 
IF (MOD(KOUNT,LENGTH) 1 60~6Oe70 
****00~**~**+00~~*~0*#v~ 
ENTRY NEWITP 
•~00~*~~~00*~,0***0~~~*~ 
NTH=O 
NTH=NTH+ 1 
W=RHOP (NTH) 
TEST3(KOUNT*l)=O. 
TEST=O. 
N=D1ML*OIMW 
DO 80 I=l,N 
PHE(I)=PHI(Ib 
DEL(I)nOe 
ETr\(I)=O. 
V(I)rO. 
XI(Il~O. 
BIGI=O.O 

P 560 
P 570 
P 580 
P 590 
P 600 
P 610 
P 620 

‘P 630 
P 640 

‘P 650 
:p 660 
‘P 670 
:P 600 
:P 690 
:P 700 
:P 710 
:P 720 
:fJ 730 
:P 740 
:P 750 
:P 760 

SIP 770 
SIP 780 
SIP 790 
SIP 800 
SIP 810 
SIP 820 
SIP 030 
SIP 840 
SIP a50 
SIP 860 
SIP 070 
SIP 880 

00 

E 
C 

C 
C 

90 
C 

C 

TABLE 

SIP 890 
SIP 900 

---COMPUTE TRANSMISSIVITY AND T COEFFICIENTS IN WeTER 
OR WATER TABLE-ARTESIAN SIMUATION--- 
IF (WATER.NE.CHK(Z)) GO TO 90 
CALL TRANS 

SIP 910 
SIP 920 
SIP 930 
SIP 940 
SIP 950 
SIP 960 
SIP 970 

---CHOOSE S1P NORMAL OR REVERSE ALGORITHM--- SIP se0 
IF (MOO(KOUNT,Z)) lOOv230tlOO SIP 990 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . sIPlooo 

---ORDER EQUATIONS WITH ROW 1 FIRST - 3X3 EXAMPLE! sIPlolo 

c 



C 
C 

C 
C 

130 

140 

150 
160 

170 
180 

C 
C 

190 

B 
200 
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12 3 SIP1020 
456 SIP1030 
789 SIP1040 

. . . . . . . . . . ..~.....................................................sIPloso 
DO 210 1=211NOl SIP1060 

SIP1070 DO 210 J=ZtJNOl 
N=I*OIML*(J-1) 
NL-N-DIKL 
NR=N*OIKL 
N&=N-1 
NB=N+ 1 

---SKIP COMPUTATIONS IF NODE IS OUTSIDE AQUIFER BOUNDARY--- 
IF ~f(N~.EQ.O..OR,S~N~.Ll.O.~ GO TO 210 

---COMPUTE COEFFICIENTS--- 
D=lR(NL)/DELX(J) 
F*TR(N)/DELX(J) 
B=TCfNA)/DELY(I) 
H=TCtN)/DELY (1) 
IF (EVAPeNE.CHK(6)) GO TO 120 

---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 
ETQB=O. 
ETQDaO.0 
IF (PHE~N).LE.GRNO(N)~ElDISl) GO TO 120 
IF (PHE(N)rGf.GRkD(N)) GO TO 110 
ETQB=QET/ETOIST 
ETQD=ETQB’(ETDIST-GRND IN) ) 
GO TO 120 
ETQD=QET 

---COMPUTE STORAGE TERM--- 
IF (CONVRT.EQ.CHK(7)) GO TO 130 
RHO’S(N) /DEL1 
IF (WATER.EQ.CHK(2)) RHO~SY(N)/DELT 
GO TO 200 

---COMPUTE STORAGE COEFFICIENT FOR CONVERSION PRDBLEW--- 
SUBS=O.O 
IF (KEEP~N~.GE.TOP(N).AND.PHE~N).GE.TOPo) GO TO 170 
IF (KEEP(N).LT.TOP(N).ANO.PHEfN).LT.TOP(N)) GO TO 160 
IF (KEEP(N)-PHEtN) 1 140tlSOr150 
SUBS=(SY(N)-S(N))/DELT”(KEEPtNj-TOP(N)) 
GO TO 170 
SUBS=(S(N)-SY(N))/DELTO(KEEP(N)-TOP(N)) 
RHO=SY (N) /OELT 
GO TO 180 
RHO’S(N) /DELT 
IF (LEAK.NE.CHK(9)) GO TO 200 

---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 
IF (RATE(N).EQ.O..OR.H(N).EQ.O.) GO TO 200 
HEOl=AHAXA (STRT (N) tTOP (N) 1 
U=l. 
HEDZ=O. 
IF (PHEtN) .GE.TOP(N)) GO TO 190 
HEOZ-TOP (N) 
u=o. 
SL(N~=RATE(N)/M(N)*(RIVER(N)-HEDl)~TL(N)~(HEDl-HED2.STRT(N)) 
CONTINUE 

SIPlO@ 
SIP1090 
sIPlloo 
SIP1110 
SIP1 120 
SIP1 130 
SIP1 140 
SIP1 150 
SIP1160 
SIP1170 
SIP1180 
SIP1190 
SIP1200 
SIP1210 
SIP1220 
SIP1230 
SIP1240 
SIP1250 
SIP1260 
SIP1270 
SIPlzeo 
SIP1290 
SIP1300 
SIP1310 
SIP1320 
SIP1330 
SIP1340 
SIP1350 
SIP1360 
SIP1370 
SIP13BO 
SIP1390 
SIP1400 
SIP1410 
SIP1420 
SIP1430 
SIP1440 
SIP1450 
SIP1460 
SIP1470 
SIP1480 
SIP1490 
SIP1500 
SIP1510 
SIP1520 
SIP1530 
SIP1540 
SIP1550 
SIP1560 
SIP1570 
SIP1580 
SIP1590 
SIP1600 
SIP1610 
SIP1620 
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C S IP1630 
C ---SIP (NORMAL’ ALGORITHM--- S IP1640 
C ---FORWARD SUBSTITUTE, COMPUTING INTERMEDIATE VECTOR V-.,- 

E=-B-01F-H-RHO-TL(N)*U-ETQG s’ 
It’1650 
IP1660 

CH=OEL(NA~“B/(l.+W~DEL(NA)) S IP1670 
GH=ETA(NLb*O/(l.+w*ETA(NL)I S IPl6GO 
BH=B-W*CH S IP1690 
DH=D-w*GR SIPlfOO 
EHoE+W*CH*W*GH SIP1710 
FH=F-W*CH SIP1720 
HHoH-W”GH SIP1730 
ALFA=BH SIP1740 
BETA=DH SIP1750 
GAHA=EH-ALFA*ETAtNA)-BETA*DELtNL) SIP1760 
DEL(N)=FH/GAMA SIP1770 
ETA(N)PHH/GAHA SIP1780 
RES=-D*PHI~NL~~F*PHI~NR~~H~PHI~NB~~B~PHI(NA~~E*PHI~N~~RHO*KEEP~N~~SIPl79O 

lSL(N)-ORE(N)-WELL(Nb+ETQD-SUES-TLo,STRTtNb sIPleo 
V(N)=(HNAX*RES-ALFA*V(NA)-BETA*VtNLlb/GAMA SIPlf310 

210 CONTINUE SIP1620 

E 
SIP1830 

---BACK SUBSTITUTE FOR VECTOR XI--- SIP1840 
DO 220 I=lrI2 SIP1850 
13=DIML-I SIP1860 
DO 220 J=lrJZ SIP1870 
J3=OIMw-J SIP1880 
N=I3+DINL*(J3-11 SIP1890 
IF (TtN)aEQ.O..OR.S(N).LT.O.) GO TO 220 S1P1900 
XIIN)=VtN)-OEL(N)*XI(N+OIML)-ETP(N)rXI(N+il SIP1910 

C SIP1920 
C ---COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERION-- SIP1930 

TCHK=ABS (XI (N) 1 SIP1940 
IF (TCHKeGT.BIGI) BIGI=TCHK SIP1950 
PHI(N)rPHI(N)+XI(NI SIP1960 

220 CONTINUE SIP1970 
IF tBIGI.GT.ERR) TEST=l. SIP1980 
TEST3(KOUNT+l)=BIGI SIP1990 
IF (TEST.EQ.l.) GO TO 40 SIP2000 

RETURN SIP2010 
C SIP2020 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~................................SIP2030 
C ---ORDER EQUATIONS WITH THE LAST ROW FIRST - 3X3 EXAMPLE1 SIP2040 
C 7 8 9 SIP2050 

E 
456 SIP2060 
12 3 SIP2070 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~................................ SIP2000 
230 DO 340 11=1*X2 SIP2090 

I=DIML-II SIP2100 
DO 340 J=2rJNOl SlP2110 
N=I*DIHL*(J-lb SIP2120 
NL=N-DIML SIP2130 
NR=N*DINL SIP2140 
NAoN-1 SIP2150 
NB=N*l SIP2160 

C SIP2170 
C ---SKIP COMPUTATIONS IF NODE IS OUTSIOE AQUIFER BOUNDARV--- SIP2180 

IF (TfN)eEQ.O..OR.S(N).LT.O.b GO TO 340 SIP2190 
C SIP2200 
C ---COMPUTE COEFFICIENTS--- SIP2210 

D=TR(NL)/OELXtJb SIP2220 
F=TR(N)/DELX(J) SIP2230 



C 
C 

240 
C 
C 

250 

C 
C 

260 

270 

280 

0 
290 

300 
310 

E 

320 
330 

C 
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B=TCfNA)/DELY(Ib 
H=TC(N)/DELYfI) 
IF (EVAP.NE.CHK(6)) GO TO 250 

---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 
ETQG=O, 
ETQO=O.O 
IF (PHE(N).LE.GRNOfN)-ETOIST) GO TO 250 
IF (PHE(N) .GT.GRNOfN) 1 GO TO 240 
ETQE=QET/ETOIST 
ETQO=ETQB*~ETOIST-GRNO (N) 1 
GO TO 250 
ETQO=QET 

---COMPUTE STORAGE TERM--- 
IF (CONVRT.EQ.CHKfI)) GO TO 260 
RHO=S(N)/OELT 
IF (YATER.EQ.CHK(Z)) RHO=SY(N)/OELT 
GO TO 330 

--COMPUTE STORAGE COEFFICIENT FOR CONVERSION PRO5LEb-- 
SUBS=O.O 
IF (KEEP(N) *GEeTOP (N) .ANOIPHE(N) .GE.TOP(N) 1 Go TO 300 
IF (KEEP(N) .LT,TOP(N) .ANO.PHE(Nb .LT.TOP(N) 1 GO TO 290 
IF (KEEP(N)-PHE(N)) 270r280t280 
SUGS=(SY(N)-S(N))/OELf*(KEEP(N)-TOP(N)) 
GO TO 300 
SUBSa(S(N)-SY(N))/DELT*(KEEP(N)) 
RHO=SY (N) /OELT 
GO TO 310 
RHO=S (Nb /DEL1 
IF (LEAK.NE,CHK(P)) GO TO 330 

---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 
IF (RATE~N).EQ.O..OR.K(N~.EQ.O.~ GO TO 330 
HEOl=AMAXl(STRT~N)rTOP(N)) 
Wl. 
HEOZ=O. 
IF tPHE(N) .GE.TOP(N) 1 GO TO 320 
HEOZ=TOP (N) 
u=o. 
SL~N~=RATE(N)/M~N)*~RIVER~N)-HEOl~~TL(N)~~HEDl~HEO2~STRT(N~~ 
CONTINUE 

---SIP *REVERSE@ ALGORITHM--- 
---FORWPRO SUBSTITUTEI COMPUTING INTERMEDIATE VECTOR V--- 
E=-B-O-F-n-RHO-TL(N).U-ETQG 
CH=OEL(NB)*H/flo~W*OEL(NG)~ 
GH=ETA~NL)*O/(l~*W*EfA(NL)) 
GH=H-W*CH 
OH=O-W*GH 
EH=E+W*CH*W*GH 
FH=F-W*CCI 
HH=0-W*GH 
ALFA=GH 
GETA=On 
GAHA=EH-ALFA*ETA(NG)-GETAOOELtNL) 
OELfN)=FH/GAMA 
ETA (N) =HW/GAMA 

95 

SIP2240 
SIP2250 
SIP2260 
SIP2270 
SIP2280 
SIP2290 
SIP2300 
SIP2310 
SIP2320 
SIP2330 
SIP2340 
SIP2350 
SIP2360 
SIP2370 
SIP2380 
SIP2390 
SIP2400 
SIP2410 
SIP2420 
SIP2430 
SIP2440 
SIP2450 
SIP2460 
SIP2470 
SIP2480 
SIP2490 
SIP2500 
SIP2510 
SIP2520 
SIP2530 
SIP2540 
SIP2550 
SIP2560 
SIP2570 
SIP2580 
SIP2590 
SIP2600 
SIP2610 
SIP2620 
SIP2630 
SIP2640 
SIP2650 
SIP2660 
SIP2670 
SIP2680 
SIP2690 
SIP2700 
SIP2710 
SIP2720 
SIP2730 
SIR2740 
SIP2750 
SIP2760 
SIP2770 
SIR2780 
SIP2790 
sIR2Goo 
SIP2810 
SIR2820 
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V(N)=(HHAX*RES-ALFA*V(Ne~-BETA*V(NL))/GAMA SIP2050 
340 CONTINUE SIP2860 

C SIP2870 
C ---BACK SUBSTITUTE FOR VECTOR XI--- SIP28@0 

DO 350 13=2,INOl SIP2R90 
DO 350 J-lrJ2 SIP2900 
JhDIMW-J SIP2910 
N=IJ+DINL”(J3-1) SIP2920 
IF (T(N1.EP.O..OR.S(N).LT.O.1 GO TO 350 SIP2930 
XI(N1=V(N1-OEL(N)*XI~N*OIML1-ETA~Nl”X1~N~l~ SIP2940 

C SIP2950 
C ---COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERION- SIP2960 

TCHK=ABS (XI (N) 1 SIP2970 
IF ITCHK.GT.BIGI) BIGI=TCHK SIP2980 
PHI (N)=PHI (N)*XI (N1 SIP2990 

350 CONTINUE SIP3000 
IF tBIGI.GT.ERA) TEST=l. SIP3010 
TEST3(KOUNT*l)=BIGI SIP3020 
IF (TEST.EQ.l.1 GO TO 40 SIP3030 
RETURN SIP3040 

C SIP3050 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SIP3060 
C SIP3070 
C ---FORMATS--- SIP3080 
C SIP3090 
C ,,,,,,,,-,,,,,,,-----,---------------------------------------------SIp3100 
C 
C 

360 FORMAT (‘OEXCEEDEO PERMITTED 
370 FORMAT (*-qr44Xv@SOLUTION BY 

143(‘,‘),//,61X*‘BETA=‘*F5.2~ 
380 FORMAT (lHO115.22ti ITERATION 

END 

SIP31 10 
SIP3120 

NUMBER OF ITERATIONS*/’ *t39(‘*0) SIP3130 
THE STRONGLY IMPLICIT PROCEDURE’/~~XISIP~~~O 0 

SIP3150 
PARAMETERS:r6015.7/~/28XIbD15,7/)) SIP3160 

SIP3170- 

SUBROUTINE SOLVE2(PHI~BE,G,TEMP~KE~P~PHEISTRTITISIQRE,WELL~TL~SL,CSOR 10 
~ELIETAIVIXI~DELXIBETAIDELYIALFAITEST~~TR,TC~QRND~SY~TOP~RAT~~M~RIVSOR 20 
2ER) SOR 30 

------------------------------------------------------------------SOR 49 
SOLUTION BY LINE SUCCESSIVE OVERRELAXATION SOR 50 
------------------------------------------------------------------SOR 60 

SOR 70 
SPECIFICATIONSr SOR 00 
REAL *BPHI~DBLE~RH0P~20~rGIBEITEMPIIHKIDABS~W~PARAM~TEST2~D~AXl~P2SOR 90 

I,AICIB~~EIQ~RHO~B~DIFIH SOR 100 
REAL “4KEEPgM SOR 110 
INTEGER R~P~PU~DINL~DIMW~CHKIW~TERICONVRTIEVAPICHCK,PNCH~NUM~HEAD~SOR 120 

~CONTR~LEAKIRECHISIP~AOI SOR 130 
SOR 140 

DIMENSION PHIll)r BE(l)* G(l)* TEMP(l)v KEEP(l)* PHE(11, STRT(l)r SOR 150 
1Ttl)r S(l)* QREtl)r WELL(l)* TL(l)r SL(l), DEL(l)* ETA(l)* v(l)* XSOR 160 
21(l)* DELX(ljr BETA(l)* DELY(l)r ALFA( TEST3(lbr TR(l)r TC(I). SOR 170 
3GRNOfl)r SY(l)r TOP(l)+ RATE(l)+ Htl)r RIVER(l) SOR 160 

SOR 190 
COMMON /SARRAY/ VF4(111rCHK(lS) SOR 200 
COMMON /SPARAM/ ~ATERICONVRT,EVAPICHCKIPNCHINUM,HEAD,CONTR~EROR~LESOR 210 

~AK,RECH~SIPIU~SSITTITMIN,ETDISTIQETIEAR~TMAX~CDLT~HMAX~YDIM,WIDTH~SOR 220 
2NUMS~LSOR~ADItDELTrSUM~SUMP~SURStSTOREtTEST~ETQB~ETQD~FACTX,FACTY~SOR 230 
~IERR~KOUNT~IFINAL~NUMTIKTIKPINPERIKT~~ITMAX~LENGTH~NWEL~NW~DIML~DISOR 240 
4HKrJNOlrINOlrR~P~PUtlrJtIDKlrIDK2 SOR 250 

RETURN SOR 260 
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C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOR 270 
c SOR 280 
C ---WRITE ACCELERATION PARAMETER--- SOR 290 
C 0o00ooooooooooo0ooooo SOR 300 

ENTRY ITERZ SOR 310 
C oOooOoooooooooo*oooOo SOR 320 

YRITE (Pe490) SOR 330 
WRITE (PvsOO) HMAXII.ENOTH SOR 340 
RETURN SOR 350 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOR 360 
C SOR 370 
c ---INITIALIZE DATA FOR A NEW ITERATION--- SOR 300 

10 KOUNT=KOUNT+l SOR 390 
IF (KOUNT.LE.ITMAX) GO TO 20 SOR 400 
IJRITE (Peslo) SOR 410 
CALL TEAM1 SOR 420 

C ~O~OOOOOO*~OOOOO~OO~OOOO SOR 430 
ENTRY NEWITB SOR 440 

C oooo0o0oo0*0oo0ooOOooooo SOR 450 
20 TEST3(KOUNT*l)=O. SOR 460 

TEST=O. SOR 470 
NoDIML*DI~W SOR 480 
DO 30 I*lpN SOR 490 

30 PHE(I)=PHI(I) SOR 500 
BIGImO.0 SOR 510 

C SOR 520 
C ---COMPUTE TRPNSNISSIVITY AND 1 COEFFICIENTS IN WATER TABLE SOR 530 
C OR WATER TAeLE-ARTESIAN SIMUATION--- SOR 540 

IF (WATER.NE.CHK(E) 1 GO TO 40 SOR 550 
CALL TRANS SOR 560 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOR 570 
C SOR 580 
C ---SOLUTION BY LSOR--- SOR 590 
C ---------------------- SOR 600 

40 NO3oOIMlr-2 SOR 610 
TEMP (DIMU)=O.O SOR 620 
DO 170 1=2rINOl SOR 630 
00 150 ‘J’2rJNOl SOR 640 
N=I’DIML*(J-1) SOR 650 
NA=N- 1 SOR 660 
NB=N* 1 SOR 670 
NL=N-OIHL SOR 680 
NR=N+DIHL SOR 690 
GEfJ)=O.O SOR 700 
GtJ)=O,O SOR 710 

c SOR 720 
C ---SKIP COMPUTATIONS IF NODE IS OUTSIDE AQUIFER BOUNDARY--- SOR 730 

IF (T(N).EQ.O..OR.S(N).LT.O.) GO TO 150 SOR 740 
c SOR 750 
C ---COMPUTE COEFFICIENTS--- 

D=TR(N-OIML)/DELX(J) 
F=TR(N)/DELXfJ) 
G=TCfN-l)/OELYfI) 
H=TC(N)/DELY (II 
IF (EVAP.NE.CHK(6) 1 GO TO 60 

C 
C ---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 

ETQG=O. 
ETQD=O. 0 
IF (PHE(N).LE.GRNO(N)-ETDISf) GO TO 60 
IF (PHE(N).GT.GRND(N)) GO TO 50 

SOR 760 
SOR 770 
SOR 780 
SOR 790 
SOW 800 
SOR 810 
SOR 820 
SoR 030 
SOR 840 
SOR 850 
SOR 860 
SOR 070 
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50 
C 
C 

60 

C 
C 

70 

80 

90 
100 

110 
129 

C 
C 

130 
140 

C 
C 

150 

c” 

160 
C 
C 

C 
C 

170 

Program listing--Continued 

ETQB=QET/ETDIST 
ETQD=ETO8”(ETDIST-ORNO( 
GO TO 60 
ETOD=QET 

---COMPUTE STORAGE TERM--- 
IF fCONVRT.EQ.CHKfI)) GO TO 70 
RHO=S fN) /DELI 
IF (WATEA.EQ.CHK (2) b RHO-SY (N) /DELT 
GO TO 140 

---COMPUTE STORAGE COEFFICIENT FOR CONVERSION PROBLEM--- 
SUES=O.O 
IF (KEEPfN).GE.TOPfN~.AND.PHE~N).GE.TOPo) GO TO 110 
IF (KEEP(N).LT.TOP~N).AND.PHE~N~.Ll.TOPO) GO TO 100 
IF (KEEP(N)-PHEtN) 1 80,9Ov90 
SUBS=(SY (Fo-S(N) )/DELT*fKEEP(N)-TOP(N)) 
GO TO 110 
SUBS=(SfN)-SY(N))/DELTO(KEEP(Nk-TOP(N)) 
~~0;~‘~~~‘““’ 

RHO=S (N) /DELT 
IF (LEAK.NE.CHK(P)b GO TO 140 

---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIHULATION--- 
IF (RAtE(N~.EQ.O..OR.M(N).EQ.O.~ GO TO 140 
HEDl=AMAXl(STRT(N)rTOP(N)) 
U=l* 
HEOZ=O. 
IF tPHE(N).GE.TOP(N)) GO TO 130 
HED2=TOP (N 1 
U-0. 

--FORWARD SUBSTITUTE9 COMPUTING INTERMEDIATE VECTOR G-m- 
Em-D-F-B-HoRHO-TL(N)*UIETQB 
W-E-D*GE(J-1) 
BE(J)=F/h 

SOR 880 
SOR 890 
SOR 900 
SOR 910 
SOR 920 
SOR 930 
SOR 940 
SOR 950 
SOR 960 
SOR 970 
SOR 980 
SOR 990 
SORlOOO 
SORlOlO 
SOR1020 
SOR1030 
SOR1040 
SOR1050 
SOR1060 
SORlO70 
SOR1080 
SOR1090 
S0~1100 
SORlllO 
SORll20 
SORl130 
sORll40 
SOR1150 
SORll60 
SOR1170 
S0R1180 
SOR1190 
SoRl200 
SORl210 
SOR1220 
SOR1230 
SOR1240 
SOR1250 
SOR1260 

G(J)*tQ-D*G(J-1)1/W 
CONTINUE 

---BACK SUBSTITUTE FOR TEMP.-- 
DO 160 KN04rlqN03 
NOQ=DIMY-KN04 
TEMP~N04)=G(N04)-8E(NO4~*TEMP~NO4+1) 
CONTINUE 

---EXTRAPOLATED VALUE OF PHI--- 
00 170 J=2tJNOl 
N=I+DIML*(J-11 
PHI~N)=PHI(N)+HMAX~TEMP~J) 

---COMPARE DIFFERENCE WITH CLOSURE CRITERION- 
TCHK=DABS(TEHPtJ)) 
IF (TCHK.GT.BIGI) BIGI=TCHK 
CONTINUE 
IF tBIGI.GT.ERR) TEST=l. 
TEST3(KOUNT+l)=BIG! 

SOR1290 
SOR1300 
SOR1310 
SOR1320 
SOR1330 
SOR1340 
SORl350 
SOR1360 
SOR1370 
SOR1380 
SOR1390 
SOR1400 
SOR1410 
SOR1420 
SOR1430 
SOR1440 
SOR1450 
SOR1460 
SOR1470 
SOR14BO 
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C 
C 

180 

190 

C 
C 
C 
C 
C 
C 

200 

210 

C 
C 

C 
C 

220 
C 
C 

230 

Program listing--Continued 

IF (KOUNT.EQ.0) GO TO 10 SOR1490 
IF fTEST.EQ.0.) RETURN SOR1500 

SOR1510 
---TEST FOR TWO DIMENSIONAL CORRECTION--- SOR1520 
IF (MOO~KOUNTtLENGTH).NE.O) GO TO 10 SOR1530 
GO TO 200 SOR1540 
DO 190 1=2tINOl SOR1550 
DO 190 J=2tJNOl SOR1560 
N=I+DIML+ (J-1) SOR1570 
IF (T(Nl.EQ.0.) GO TO 190 SoRlSBO 
PHI(N)=PHI(N)*ALFA(I)+BETAtJ~ SOR1590 
CONTINUE SOR1600 
GO TO 10 S0R1610 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SORl620 

SOR1630 
---TWO DIMENSIONAL CORRECTION TO LSOR--- SOR1640 
-------------------------I---------------- SOR1650 

SOR1660 
CORRECTION FOR ROWS--- SOR1670 

SOR1680 
SOR1690 
SOR1700 
SORl710 
SOR1720 
SOR1730 
SOR1740 
SOR1750 
SOR1760 
SOR1770 

---COMPUTE ALFA 
DO 210 I’lrDIML 
ALFA(I)=O. 
BE(I)=O.O 
G(I)=O.O 
DO 330 I=Z~INOl 
A=O, 
B2=0. 
C=O. 
Q=O. 

--SUMMATION OF 
DO 320 J=ZtJNOl 
N=I+DIML’(J-1) 
NA=N-1 
NB=N+ 1 
NL=N-DIML 
NR=N*DIHL 
IF (S(N) l LT.0.) 
IF (T(N) l EQ.0.) 

COEFFICIENTS FOR EACH ROW--- 

GO TO 330 
GO TO 320 

---COMPUTE COEFFICIENTS--- 
DoTR(N-DIRL)/DELX(Jl 
F=TR(N)/DELX(J) 
B=TC(N-l)/DELY(I) 
H=TC(N)/DELY (11 
IF (EVAP.NE.CHK(6)) GO TO 230 

---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 
ETQB=O. 
ETQD=O.O 
IF (PHE(N).LE.QRND(N)-ETDIST) GO TO 230 
IF (PHEtN) .GT.GRND(N) 1 00 TO 220 
ETQB=QET/ETDIST 
ETQD=ETQE@(ETDIST-GRNDtN)) 
GO TO 230 
ETQD=QET 

---COMPUTE STORAGE TERM--- 
IF (CONVRT.EQ.CHK(7)) GO TO 240 
RHO=S (N) /DELT 
IF (WATER.EQ.CHK(Z)) RHO=SY(N)/DELT 
GO TO 310 

SOR17BO 
SOR1790 
SORlGOO 
SORlGlO 
Son1620 
SORlG30 
SORlG40 
SOR1850 
SOR1860 
SORlG70 
SORlG@O 
SORlG90 
SOR1900 
SOR1910 
SOR1920 
SOR1930 
SOR1940 
SOR1950 
SOR1960 
SoR1970 
SOR1980 
SOR1990 
SOR2000 
SOR2010 
SOR2020 
SOR2030 
SOR2040 
SOR2050 
SOR2060 
SOR2070 
SORE000 
SOR2090 
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240 

250 

260 
270 

200 
290 

C 
C 

300 
310 

C 

Program listing-Continued 

SU0S~O.O 
IF (KEEP (N) .QE.TOP (N) .AND.PHE (N) .GE.tOP (N) 1 00 TO 280 
IF (KEEP(N) .Ll.TOP(N) .AND.PHE(N) .LT.TOP(N) 1 00 TO 270 
IF (KEEP(N)-PHEiN) I 250,260t260 
SUBS=(SY (N)-S(N) )/DELT*(KEEP(N)-TOP(N)) 
GO TO 280 
SuBS=(S(Nl~SY(Nl~/OELT=~KEEP~N)~TOP(N~) 
RHO=SY (N)/OELT 
(30 TO 290 
RHO=S(N)/DELT 
IF (LEAK.NE.CHK(9)) 00 TO 310 

---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 
IF (RATE(N) .EQ.O..OR.M(N) ,EQ.O.) GO TO 310 
HEDl=ANAXl(STRT(N~,TOP(N)~ 
Ml. 
HEDE=O. 
IF (PHE(N).OE.TOP(N)) 00 TO 300 
HEDZ=TOP (N) 
U=O. 
SL(N)=RATE(N)/M(N)=(RIVER(N)-HEDl)~TL(N)*(HEDl-HED2-STRT(N)) 
CONTINUE 

AsA- 
Bl=B+H+RHO~TL(N)*U*ETQB 
82=BZ+B 1 
C=C-H 

SOR2100 
SoR2110 
SoR2120 
SOR2130 
SOR2140 
SOR2150 
SOR2160 
SOR2170 
SOR21-90 
SOR2190 
SOR2200 
SOR2210 
SOR2220 
SOR2230 
SoR2240 
SOR2250 
SOR2260 
SOR2270 
SOR2200 
SOR2290 
SOR2300 
SOR2310 
SOR2320 
SOR2330 
SOR234 0 
SOR235 0 
SOR2360 

Q=Q~(D~PH~(NL)~F=PHI~NR~*~=PHI~NA~~H=PHI~N~~~RHO=KEEP~N~~SL~N~+QRESOR237~ 
1(N)+uELL(N)-ETQD~SU~S~TL(N)*STRT(N)-~D~F+Bl)=PHI~N)) SOR2380 

320 CONTINUE SOR2390 
C SOR2400 
C ---COMPUTATION OF INTERMEDIATE VECTOR G--- SOR2410 

W=82-AWE (I-1) SOR2420 
BE(I)=C/= SOR2430 
G(I)=(Q-A=O(I-l))/Y SOR2440 

330 CONTINUE SOR2450 
C SOR2460 
C --BACK SUBSTITUTE FOR ALFAg-- SOR2470 

N03=DIML-2 SOR2460 
DO 340 KN04=1,N03 SOR2490 
NOQ=DIML-KNO4 SOR2500 

340 ALFA(N04)=G(N04)-8E(NO4)=ALFA(NO4+1) SOR2510 
C eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee~eeeeeeeeeeeeeeeeeeeeeeeeesoR2520 

E 
SOR2530 

---COMPUTE BETA CORRECTION FOR COLUMNS--- SOR2540 
DO 350 J=lrDIHW SOR2550 
BETA (J)=O. SOR2560 
BE(Jl=O.O SOR257 0 

350 G(J)=O.O SOR2560 
DO 470 J=2rJNOl SOR2590 
A=09 SOR2600 
82=0, SOR2610 
c=o* SOR2620 
Q=O. SOR2630 

C SOR2640 
C ---SUMMATION OF COEFFICIENTS FOR EACH COLUMN--- SOR2650 

DO 460 1=29INOl SOR2660 
N=I+DIML*(J-1) SOR2670 
NA=N-1 SOR2600 
NB=N+l SOR2690 
NL=N-DIML SOR2700 
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Program listing--Continued 

NR=N*DIML 
IF (S(N1.LT.O.) GO TO 470 
IF (T(N1.EQ.O.) GO TO 460 
D=TA(N-DIML)/DELX(Jb 
F=tR(N)/DELX(J) 
88TC(N-l)/OELY(I) 
H=TC(N)/DELY (I) 
IF (EVAP.NE.CHK(6)) GO TO 370 

C 
C ---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 

ETQB-0. 
ElQD=O.O 
IF (PHE(F0 .LE.GRND(N)-ETDIST) GO TO 370 
IF (PHE(N).GT.GRND(N)) GO TO 360 
ETQB=QET/ETDIST 
ETQD=ETQB*(ETDIST-GRND(Nb) 
GO TO 370 

360 ETQDsQET 

---COMPUTE STORAGE TERM--- 
370 IF (CONVRT.EQ.CHK(I) 1 GO TO 380 

RHD*S(N)/DELT 
IF (WATER.EQ.CHK(Z)) RHO=SY(N)/DELT 
GO TO 450 

C 
C ---COMPUTE STORAGE COEFFICIENT FOR CONVERSION PROGLEM--- 

3eo sues=o.o 
IF (KEEP(N) .GE.TOP (N) .AND.PHE (N) .GE.TOP(N) ) GO TO 420 
IF (KEEP(N) .LT.TOP(N) .AND.PHE(N) .LT.TOP(N) 1 GO TO 410 
IF (KEEP (N)-PHE (N) 7 3901400r400 

390 SUGS=(SY(N)-S(Nb)/DELT*(KEEP(N)-TOP(N)) 
GO TO 420 

400 SUBS=(S(N)-SY(N))/DELT”(KEEP(N)-TOP(N)) 
410 RHO=SY (N)/DELT 

GO TO 430 
420 RHO=S(N)/DELT 
430 IF (LEAK.NE.CHK(9)) GO TO 450 

C 
C ---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULAlION--- 

IF (RATE(N~,EQ.O..DR.W(N).EQ.O.~ GO TO 450 
HEDl=AMAXl(STRT(N)~TOP(N)) 
Wl. 
HEDE=O, 
IF (PHE(N) .,GE.TOP(N) 7 GO TO 440 
HEDt=TOP (N) 
wo. 

440 SL~N~=R~TE~N~/W~N)*~RIV~R~N~IHED1)*TL~N~~(HEDl-HED2-STRT~N~~ 
450 CONTINUE 

C 
AI/L-D 
Gl=D*F*RHO*TL(N)*U*ETQl3 
82=82+Ell 
CM-F 

SOR2710 
SOR2720 
SOR2730 
SOR2740 
SOR27SO 
SOR2760 
SOR2770 
SOR2760 
SOR2790 
SoR2800 
SOR2810 
SOR2820 
SOR2830 
SOR2840 
SOR2850 
SOR2860 
SOR2870 
SOR28GO 
SOR2890 
SOR2900 
SOR2910 
SOR292 0 
SOR2930 
SOR2940 
SOR2950 
SORE960 
SOR2970 
SOR2900 
SOR2990 
SoR3000 
SOR3010 
SOR3020 
SOR3030 
SOR3040 
SOR3050 
SOR3060 
SOR3070 
SOR3080 
SOR3090 
SOR3100 
SOR3110 
SOR3120 
SOR3130 
SOR3140 
SOR3150 
SOR3160 
SOR3170 
SOR3180 
SOR3190 
SOR3200 
SOR3210 
SOR3220 
SOR3230 

QIQ~(D*PHI(NL)+F~PHI(NR~+G~PHI(NA)+H~PHI(NG~~RH~*KEEP(N)~SL(N~*QRES~R~~~O 
l(N)~wELL(N)~~ETQD~SU8S+TL(N)*STRl(N)~(8~H~Gl~*PHI(N~~ SOR3250 

460 CONTINUE SOR3260 
C SOR3270 

101 

E ---COMPUTATION OF INTERMEDIATE VECTOR G--- SOR3200 
W=E2-A*EE(J-1) SOR3290 
RE(J)-C/W SOR3300 
G(J)=(Q-A*G(J-17)/W SOR3310 
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Program listing--Continued 

470 CONTINUE SOR3320 
C SOR3330 
C ---BACK SU8STITUTE FOR BETA--- SOR3340 

N03=DIHW-2 SOR3350 
00 480 KN04alrN03 SOR3360 
NOQ=OIMW-KN04 SOR3370 

480 BETA(N04~=G(NO4)-8E~NO4~“BETAO soR33eo 
GO TO 180 SOR339 0 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOR3400 
C SOR3410 
C ---FORMATS--- SOR3420 
C SOR3430 
C -------------------------------------------------------------~----SOR3440 

C SOR3450 
C SOR3460 

490 FORMAT (‘0~r45Xv*SOLUTION 8Y LINE SUCCESSIVE OVERRELAXATION~/~~XI~SOR~~~O 
12(‘,‘)) SOR3480 

500 FORMAT (‘0’r26Xe*ACCELERATION PARAMETER =‘qF6.3r’ TWO DIHENSIONALSOR3490 
1 CORRECTION EVERY’rISr’ ITERATIONS’) SoR3500 

510 FORMAT (‘OEXCEEOED PERMITTED NUMBER OF ITERATIONS’/f ‘r391**01 SOR3510 

C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 

C 

_- 
END SOR3520- 
SUBROUTINE SOLVE3~PHIrBE.G.TEMP~KEEP~PHE~STRT~T~S~QRE.WELL~TL~SL~DADI 10 

1EL~ETA~V~XI,DELX,EETA,DELYIALFA,XII~TEST3,TR~TC~GRND,SY~TOP,RATE~MAD~ 20 
2rRIVER) AD1 30 

---------------CILII----------------------------------------------ADI 40 
SOLUTION BY THE ALTERNATING DIRECTION IMPLICIT PROCEDURE AD1 50 
------------------------------------------------------------------ADI 60 

AD1 70 
SPECIFICATIONS? AD1 80 
REAL *8PHIrDBLE~RHOP~20~rG~BE~lEMP~1MK~DABSIW~PARA~~TEST2~DMAXl~~TAD~ 90 

lERMSr8l~E~Q~B~D~F~HIRHOIXII AD1 100 
REAL l 4KEEPeM AD1 110 
INTEGER RIPIPU,OJWL~DIMWICHKIWATERICONVRTIEVAPICHCK~PNCH~NUM~HEAD~ADI 120 

ICONTRILEAK~RECH~SIPIID~ CD1 130 
AD1 140 

DIMENSION PHI(11r BEf11r G(l)r TEHP(1)r KEEP(l)* PHE(l1r STRTtl), ADI 150 
lT(l)p S(l)* QRE(l1r WELL(l)* TL(l1r SL(l1r DEL(l)* ETA(l)9 Vtl1r XADI 160 
ZI(l1r DELX(l1r BETA(l)* DELY(l)r ALFA( XII(l)r TESTJ(l1r TR(l)rADI 170 
3 TCtl1c ORNO( SY(11, TOP(11r RATE(l)+ M(l1r RIVER(l) AD1 180 

AD1 190 
COMMON /SARRAY/ VF4(11)vCHK(l~) AD1 200 
COMMON /SPARAM/ CATER,CONVRT~EVAP,CHCK,PNCHINUMIHEADICONTR~EROR~LEAD~ 210 

1AK~RECH,SIP~U,SS~TTITNIN,ETDIST~QET~ERR~TMAX~CDLT~HMAX~YDIM~WIDTHtAD~ 220 
~NUMSILSORIADI,DELT~SUMISUMP~SUBS~STORE~TEST~ETQB~ETQD~FACTX~FACTY~AD~ 230 
3IERR~KOUNT~IFINAL~NUMT.KT~KP~NPER~KTH~ITMAX~LENGTH.NWEL~NW~DIML~D~AD~ 240 
4MW~JNO1,INOlrR~P~PU~I~J~IDKl~IDK2 AD1 250 

RETURN AD1 260 
.,,...,,.......~~,....,,,,..,...,....~...,..................~.....~D~ 270 

A01 280 
---COMPUTE AND PRINT ITERATION PARAMETERS--- ADI 290 
00000000000000000000 AD1 300 
ENTRY ITER3 ADI 310 
00000000000000000000 A01 320 
HMIN=2. AD1 330 
INQMDIMW-2 ADI 340 
INS=DIML-2 A01 350 
XVAL=3.1415**2/(2.“IN40IN4) AD1 360 
YVAL=3.1415*“2/(2.01N5*INS1 AD1 370 
DO 10 I=Z,INOl AD1 3eO 



C 
C 
C 

C 

C 

0 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 

3 
C 

10 

20 

30 

40 

50 
60 

70 

a0 

90 

FINITE-DIFFERENCE MODEL FOR AQUIFER 

Program Wing-Continued 

SIMULATION 103 

DO 10 Jt21JN01 
N=I+DIML*(J-11 
IF ff(N1.EG.O.I GO TO 10 

AD1 390 
ADI 400 
AD1 410 

XPART=XVAL*~l/(1~DELX(J)**2*FAClY/DELY(I~**2*FACTX~~ AD1 420 
YPART~YVAL~~l/(l'DELY(I~~~2~FACTX/DELX~J~~~2~FACTY~~ AD1 430 
HMIN=AMIN~(HNINIXPAR~~YPART) ADI 440 
CONTINUE ADI 450 
ALPHA=EXP(ALOG~HHAX/nnIN)/(LENGTH-111 A01 460 
RHOP(l1*HHIN AD1 470 
DO 20 NTIWE=2rLENGTH ADI 480 
RHOP~NtIME1=RHOPfNTIME-11OALPHA AD1 490 
WRITE fP14001 AD1 500 
WRITE (P14101 LENGTH,(RHOP(J)rJ*lrLENOTH) ADI 510 
RETURN ADI 520 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..ADI 530 

ADI 540 
---INITIALIZE DATA FOR A NEW ITERATION--- AD1 550 
KOUNT=KOUNT*l AD1 560 
IF (KOUNT.LE.ITMAX) GO TO 40 AD1 570 
WRITE (Pt3901 ADI 580 
CALL TERN1 AD1 590 
IF (MOD~KOUNTILENGTH)) SOrSOt60 AD1 600 
000000000000000000000000 ADI 610 
ENTRY NEWITC ADI 620 
l ooooooooooao*oooooooooo ADI 630 
NTH=O AD1 640 
NTH=NTH* 1 ADI 650 
PARAM=RHDP(NTH) ADI 660 
TEST3(KOUNT*l)=O. ADI 670 
TESTsO. ADI 680 
NsDIHL*DIHK AD1 690 
DO 70 I=lrN ADI 700 
PHE(I)=PHI(I) ADI 710 
BIGI=O.O ADI 720 

ADI 730 
---COMPUTE TRANSHISSIVITY AND T COEFFICIENTS IN WATER TABLE ADI 740 
DR WATER TABLE-ARTESIAN SIMUATION--- AD1 750 
IF fYATER.NE.CHK(Z)) GO TO 80 AD1 760 
CALL TRANS AD1 770 
.,.......,....0.......,..,.......................................~ AD1 780 

AD1 790 
---SOLUTION BY ADI--- A01 a00 
--------------------- ADI 810 
---COMPUTE IMPLICITLY ALONG ROWS--- ADI 820 
NOJ=DIMW-2 ADI 830 
DO 90 J=lrDIHW AD1 840 
N=l*DIML*(J-11 ADI 850 
TEMP(J)=PHI (N1 A01 860 
DO 230 IMZ*DIML AD1 870 
DO 200 J=Z+JNOl ADI 880 
N=I+DIML*(J-11 ADI 090 
NA=N-1 A01 900 
NB=N+l ADI 910 
NLMN-DIML ADI 920 
NR=N+DIML ADI 930 
BEtJ)=O.O AD1 940 
GfJ)=O.O AD1 950 

A01 960 
---SKIP COMPUTATIONS IF NODE IS OUTSIDE AQUIFER GOUNDARY--- AD1 970 
IF (T~N~.EQ.O.,OR.S~N~.LT.O.~ GO TO 200 ADI 980 

ADI 990 



104 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

Program listing--Continued 

C ---COMPUTE COEFFICIENTS--- 
D=TR(N-DIML)/DELX(J) 
F=TR(N)/DELXfJ) 
B=TCfN-l)/DELY(I) 
H=TC(N)/DELY(I) 
IF (EVAP.NE.CHK(6)) (30 TO 110 

C 
C ---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 

ETQB=O. 
ETQDnO.0 
IF (PHE(N) .LE.GRND(N)-ETDIST) 80 TO 110 
IF (PHE(Nk.GT.GRNDfN)) GO TO 100 
ETQR=QET/ETDIST 

100 
C 
C 

110 

ETQD=ETQB*(ETDIST-GRND(N)) 
GO TO 110 
ETQD=QET 

---COMPUTE STORAGE TERM--- 
IF (CONVRT.EQ.CHK(I)) GO TO 120 
RHO=S (N) /DELT 
IF (WATER.EQ.CHK(Z)) RHO=SY(N)/DELT 
GO TO 190 

C 
C 

120 
---COMPUTE STORABE COEFFICIENT COR CONVERSION PROBLEM--- 
SUBS=O.O 

130 

140 
150 

160 
170 

C 
C 

IF (KEEP(N).GE.TOP(N),AND.PHE(Nb.GE.TOP(NI) GO TO 160 
IF (KEEP(N) .LT.TOP (N) .ANO.PHE (N) .LT.TOP (N) 1 GO TO 150 
IF (KEEP(N)-PHE(N)) 130r140v140 
SUBS=(SY (N)-S(N) J/DELT*(KEEP(N)-TOP(N) 1 
GO TO 160 
SUBS=(S(N)-SY(N))/DELT*(KEEP(Nl-TOP(N)) 
RHO=SY (N) /DELT 
GO TO 170 
RHO=S (N) /DELT 
IF (LEAK.NE.CHK(9)) GO TO 190 

---COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 
IF fRATE(N),EQ.O..OR.M(N1.EQ.O.) GO TO 190 
HEDl=AMAXl(STRT(N)rTOPfN)) 
Ml. 
HED2=0. 
IF (PHE(Nb.GE.TOP(N)) GO TO 180 
HED2=TOP (N) 
U=O. 

180 
190 

C 
C 
C 

---CALCULATE VALUES FOR PARAMETERS USED IN THOMAS ALGORITHM 
AND FORWARD SUBSTITUTE TO COMPUTE INTERMEDIATE VECTOR G--- 
IMK=(B+D+F+H)*PARAM 
Eo-D-F-RHO-IMK-TL(N)*U-ETQB 
W=E-D*BE(J-1) 
BE(J)=F/W ’ 

AD11000 
AD11010 
AD11020 
AD11030 
AD1 1040 
AD11050 
AD11060 
AD11070 
AD11080 
AD11090 
AD11100 
AD11110 
AD11120 
AD11130 
AD11140 
AD11150 
AD11160 
AD11170 
AD11180 
AD11190 
AD11200 
AD11210 
AD11220 
AD11230 
AD11240 
ADI 1250 
AD11260 
AD11270 
AD11280 
AD11290 
AD1 1300 
AD11310 
AD1 1320 
AD11330 
AD11340 
AD11350 
AD11360 
AD11370 
ADI 1380 
ADI 1390 
ADI 1400 
AD11410 
AD1 1420 
ADI 1430 
AD11440 
AD11450 
AD11460 
AD11470 
AD1 1480 
AD1 1490 
AD1 1500 
AD11510 
AD11520 

Q~~B*PHI~NA~*~B*H~INK~E~*PH~~N~-H*PHI~NB~~RHO*KEEP~N~~SL~N~-QRE(N~ADIl53O 
l~WELL~N~*ETQD~SUBS~fL(N)oSTRT(N~~STRT~N~-D*PHI~NL~~F~PHI~NR~ ADI 1540 

G(J)=(Q-D*G(J-1) 1/W AD11550 
200 CONTINUE AD11560 

C AD11570 
C ---BACK SUBSTITUTE FOR HEAD VALUES AND PLACE THEM IN TEMP--- AD1 1580 

XII~DIMW)=JO,DO AD11590 
DO 220 KN04=lrN03 AD1 1600 
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0 

C 
C 

210 
220 
230 

C 
C 
C 

240 

C 

0 
C 

C 
C 

C 
C 

250 

z 
260 

C 
C 

270 

280 

D 290 

Prograwt listing-Continued 

N04~DIMY~KNO4 A011610 
N=I*DIMl.*~N04-1) AD11620 

A01 1630 
---FIRST PLACE TEMP VALUES IN PHItN-l)--- A011640 
PHI(N-~)PTEMP(NO~) A011650 
IF tf(N).NE.O..AND.S(N),GE.O.b GO TO 210 AD11660 
XII(N04)=0.00 A011670 
GO TO 220 AOIlbGO 
XIIIN04~~G~N04)-GE~NO4~*XII(NO4*l~ AD1 1690 
TENP(N04)=PHI(N)+XII(NO4) A011700 
CON1 INUE AD11710 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AD11720 

---COMPUTE IMPLICITLY ALONG COLUHNS--- 
N03=DIML-2 
DO 240 I=lrDIML 
lEMP(I)=PHI(I) 
DO 380 J*Z,CIHW 
DO 350 1~211NOl 
N=I*DIHL*(J-1) 
NA-N-I 
NBoN+ 1 
NLmN-OIML 
NR=N+DIWL 
BE(I)-0.0 
G(I)=O.O 

---SKIP COMPUTATIONS IF NODE IS OUTSIDE AQUIFER BOUNDARY--- 
IF (T(Nb.EQ.O..OR.S(N).LT.O.) GO TO 350 

---COMPUTE COEFFICIENTS--- 
D=TR(N-OIML)/OELX(JI 
F=TR(N)/DELX(J) 
B=TC(N-l)/OELY(I) 
H=TC(N)/OELY(I) 
IF (EVAP.NE.CHK(6)) GO TO 260 

---COMPUTE EXPLICIT AND IMPLICIT PARTS OF ET RATE--- 
ETQB=O. 
ETQD=O.O 

IF (PHE(N).LE.GRND(N)-ETDIST) GO TO 260 
IF (PHEtN) .GT.GRND(N) ) GO TO 250 
ETQB=QET/ETDIST 
ETQD=ETQG*(ETDIST-GRNDO) 
GO TO 260 
ETQO=QET 

---COMPUTE STORAGE TERM--- 
IF (CONVRT.EQ.CHK(T) 1 GO TO 270 
RHO=S (N) /OELT 
IF (WATER.EQ.CHK (2) 1 RHO=SY (N) /DELT 
GO TO 340 

---COMPUTE STORAGE COEFFICIENT FOR CONVERSION PROBLEM--- 
SUBS=O.O 
IF (KEEP(NI.GE.TOP(N).AND.PHEtN).GE.TOP(N)) GO TO 310 
IF (KEEP(N) .LT.TOP (N) .ANO.PHE (N) .LT.TOP(N) 1 GO TO 300 
IF (KEEP(N)-PHEtN)) 2801290r290 
;;B;;(;;;NI-SW J/DELT*(KEEP(NJ-TOP(N) I 

SUBS=(S(N)-SY(N))/DELT*(KEEP(N)-TOP(N)) 

AD11730 
AD11740 
AD11750 
A011760 
AD11770 
A011780 
AD11790 
A011800 
A011810 
A01 1820 
A011630 
A01 1840 
A011850 
AOIlG60 
~011870 
AD11880 
A01 1890 
AD11900 
AD11910 
AD11920 
AD1 1930 
AD11940 
AD1 1950 
A011960 
A011970 
AD11980 
A01 1990 
AD12000 
AD12010 
AD12020 
AD12030 
A012040 
A012050 
AD12060 
A012070 
A012080 
AD12090 
AD12100 
AD12110 
AD12120 
A012130 
AD12140 
A012150 
AD12160 
A012170 
A012180 
A012190 
AD12200 
A012210 
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300 

310 
320 

C 
C 

330 
340 

C 
C 
C 

BE(I)-H/W AD12430 
Q~~D*pHI(NL)~(D~F-IHK~E)~~H1~N~~F*P#r(NR)-RHO~KEEP~N)~SL~N)~QR~~N)A~I244O 

l-wELL(N)+ETQD-SUBS-TL(N),STRT(N)-B~~HI(NA~-H*PHI~NG) AD12450 
G(I)e(Q-B*G(I-1) l/W A012460 

350 
C 
C 

CONTINUE 

---BACK SUBSTITUTE FOR HEAD VALUES AND PLACE THEM IN 
XII(DIML)=O.DO 
00 370 KNOOKlrNOJ 
N04=DINL-KN04 
N-N04+DIML*(J-1) 

C 
C ---FIRST PLACE TEMP VALUES IN PHItN-OIML)--4 

PHI (N-DIML) =TEMP (NO4) 
IF tT(N).NE.O..AND.S(N).GE.O.) GO TO 360 
XII (N04)=0.00 

360 

TEHP(NO4)*PHI (N) 
GO TO 370 
XII(N04)=G~N04)-l3E~NO4)*XII~NO4+l) 
TEMP(N04)=PHI(N)+XII(N04) 

TEMP--0 

AD12470 
AD12480 
AD12490 
AD12500 
AD12510 
A012520 
AD12530 
A012940 
AD12550 
A012560 
A012570 
ADI25@0 
A012590 
A012600 
A012610 
A012620 
AD12630 

---COMPARE CHANGE IN HEAD WITH CLOSURE CRITERION- A012640 
TCHK=AES(SNGL(TEMPtNO4))-PHEtN)) AD12650 
IF (TCHK.GT.GIGI) GIGI=TCHK A012660 

370 CONTINUE AD12670 
380 CONTINUE A012680 

IF (BIGI.GT.ERR) TEST=l. AD12690 
TESTJfKOUNT*l)-SIG1 A012700 
IF (TEST.EQ.l.) GO TO 30 AD12710 
RETURN AD12720 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..AOI2730 

A012740 
---FORMATS--- AD12750 

AD12760 
-----~IIIIIII--~-------------------~------------------------------A~I~~~O 

AD12780 
AD12790 

FORMAT (‘OEXCEEOED PERMITTED NUMBER OF ITERATIONS’/’ cr39t’o’)) AD12800 
400 FORMAT (‘4*rJeX,‘SOLUTION BY THE ALTERNATING DIRECTION IMPLICIT PRADI2elO 

C 

: 
C 
C 
C 
C 

390 

Program listing-Continued 

RHO=SY (Nl /DELT 
GO TO 320 
RHO=S(N)/OELT 
IF (LEAK*NE.CHK(P)) GO TO 340 

--COMPUTE NET LEAKAGE TERM FOR CONVERSION SIMULATION--- 
1F (RATE(N).EQ.O..OR.M(N).EQ.O.) GO TO 340 
HEbl=AMAXl(STRT(N)rTOP~N)) 
u=1. 
HEOZ=O. 
IF fPHE(N) .GE.TOP(N) ) GO TO 330 
HEO2=TOP (N I 
U=O. 

---CALCULATE VALUES FOR PARAMETERS USED IN THOMAS ALGORITHM 
AN0 FORbARD SUBSTITUTE TO COMPUTE INTERMEDIATE VECTOR Go-- 
IMK=(B*D+F+H)*PARAH 
E+-B-H-RHO-IWK-TL(N)*U-ETQB 
W=E-B’BE (I-1 1 

A012220 
AD12230 
AD12240 
AD12250 
AD12260 
A012270 
A012280 
A012290 
AD12300 
AD12310 
A012320 
A012330 
A012340 
AD12350 
AD12360 
A012370 
A012380 
AD12390 
AD12400 
A012410 
AD12420 ---.-~ 

lOCEDURE’/39Xe56(‘,‘)) AD12820 

c 
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0 

C 
C 
C 
C 
C 

C 

C 

C 

0 C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

c 
C 

C 
C 

B 
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Program listing-Continued 

410 FORMAT (///1HOt15922H ITERATION PARANETERSI~8012.3//28X,l0Ol2~3) A012830 
END AOI2840- 

SUBROUTINE COEF~PHIrKEEP~PHE~STRT,SURI~T,lR~TCISIWELL~TL~SL~PERM~BCOF 10 
10TTOM,SY~RATE~RIVERIMITOPIGRNO~OELX~DELY) COF 20 

------------------------------------------------------------------COF 30 
CCMPUTE COEFFICIENTS COF 40 
------------------------------------------------------------------COF 50 

COF 60 
SPECIFICATIONS: COF 70 
REAL ~~PHIIOBL~~RHOIBIO~F(~ COF E!O 
REAL *4KEEP,M COF 90 
INTEGER R~P~PU~OINL~OIMW~CHK,WATEWtCONVRT,~VAP~CHCK~PNCH~NUM~HEA~.COf 100 

~CCNTRILEAKIRECH~SIP~~~~ COF 110 
COF 120 

DIMENSION PHI(l)e KEEP(l)r PHE(l)r STRT(l)r SCIRI(l)r T(l)* TR(l)r COF 130 
lTC(l)q S(l)* WELL(l)* TL(l)q SL(l)c PERM( BOTTOM(l)c SY(l)r RATCOF 140 
ZE(l), RIVER(l)* M(l)* TOP(l)r GRND(l)r DELX(l)r OELY(1) COF 150 

COF 160 
COMMON /SARRAY/ VF4(ll)rCHK(lS) COF 170 
COMMON /SPARAM/ WATER,CONVRTIEVAP~CHCK~PNCH~NUM~HEAD~CONTR~EROR~LECOF 180 

lAK,RECH~SIPtU,SS~fT,TMINIETDISTIQET,ERR~TMAX,COLT~H~AX~YUIM~~IOlH,COF 190 
2NUMS,LSORtAOI~DELT~SUM~SUMP,SU~S~STORE~TEST~ETQ8~ETQO~FACTX~FACTY~COF 200 
3IERRrKOUNT~IFINAL,NUMT,KT~KP~NPER~KTH~IT~AX~LENGTH~NWEL~NW~OIML,~~COf 210 
4MW,JNOl~INOlrR*P~PUIIIJIIOKlrIDK1~IOK2 COF 220 

COF 230 
OATA PIE/3.141593/ COF 235 
RETURN COF 240 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . COF 250 

COF 260 
-r-COMPUTE COEFFICIENTS FOR TRANSIENT PART OF LEAKAGE TERM--- COF 270 
04000000000*040000000 COF 260 
ENTRY CLAY COF 290 
OoOoOeooOeO*OoOOooooO COf 300 
THIN=l.E30 COF 310 
TT=O.O COF 320 
PRATE=O. COF 330 
00 50 I=lrOIML COF 340 
DC 50 J=ltOIMlv COF 350 
N=I*OIML*(J-1) COF 360 

COF 370 
---SKIP COMPUTATICNS IF T* RATE OR M = 01 OR IF CONSTANT COF 380 

HEPO BOUNDPRY--- COF 390 
IF (RATE(N).LE.O..OR.T(N).EQ.O.. OR.McN).EQ.O..OR.S(N).LT.O.) GO TOCOF 400 

1 50 COF 410 
COF 420 

---If VALUE FOR TLIN ) WILL EQUAL VALUE FOR PREVIOUS NODE* COF 430 
SKIP PART OF COMPUTATIONS--- COF 440 
IF (RATE(N)*M(N) .EQ.PRATE) GO TO 40 COF 450 
OIMT-RATE (N)*SUMP/ (M (N) *M (N)“SS”3) COF 460 
IF (OIMT.GT.TT) TT-OIMT COF 470 
IF (OIMT.LT.TMIN) TMIN=DIMT COF 4@0 
PPT=PIE*PIE“GIMT COF 490 

COF 500 

---RECOMPUTE PPT IF OIMT WITHIN RANGE FOR SHORT TIME COMPUTATION--COF 510 
IF (OIMT.LT.l,OE-03) PPT*l.O/OIMT COF 520 
CC=(2.3-PPT)/fE.*PPT) c@F 530 

COF 540 
---COMPUTE SUM OF EXPONENTIALS--- COF 550 
SUMNaO.0 COF 560 
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Program listing-Continued 

DO 20 K=lr200 COF 570 
POWER=K*K*PPT COF 580 
IF (POWER.LE.150.) GO TO 10 COF 590 
POWER=150 COF 600 

10 ffEX=EfP(rPOYER) COF 610 
SUMN=SUtfN+PEX COF 620 
IF (PEX.GT.0.00009) GO TO 20 COF 630 
IF (K.GT.CC) GO TO 30 COF 640 

20 CO(JTINUE COF 650 
C COF 660 
C ---COMPUTE OENOMIfNATER DEPENOING ON VALUE OF DIMT--- COF 670 

30 DENDH=l.O COF 680 
IF ~DINT.LT.l.OE-03) DENOM=SQRT(PIE~‘DIMT) COF 690 

C COF 700 
C ---HEAp VALUES ARE NOT INCLUDED IN COMPUTATION OF Q FACTOR SINCE COF 710 
C LEAKAGE IS CONSIDERED IMPLICITLY--- COF 720 

40 Qg=PATE (N) / (N (N) l DENOM) COF 730 
fL(Nl=Gl*Z.*Ql*SUMN COF 740 
PPATE=RATE(N)*M(N) COF 750 

50 CONTINUE COF 760 
TMIN:TbIN*3.0 COF 770 
TTmTTo3.0 COF 780 
REFURN COF 790 

z 
..,................................~.............................. COF 800 

COF 810 
C -T-COMPUTE TRANSMISSIVITY IN WT OR UT-ARTESIAN CONVERSION PROBLEM-COF 820 
C l ******************* 

ENTRY TRiNS 
COF 830 
COF 840 

C o4Yor*oi~roo*****o*oo 

Dd 60 I=l;DIML 
COF 850 
COF 860 

DO 60 J=lrDIHW COF 870 
N=IfDIML*(J-11 COF 8@0 
IF (PiRH(Nl.EQ.O.1 GO TO 60 COF 890 
HED=PH! (N) COF 900 
IF ICONYRT.EQ.CHK(7)) HED=AMIN1~SNGL~PHI~N1l,TOP~Nl) COF 910 
T(N)mPERH(N)*(HED-BOTTOM(N)) COF 920 
IF (T(N)yGT.O.) GO TO 60 COF 930 
IF (WELL(NlrLT.0,) GO TO 70 COF 940 

C COF 950 
C ---THE FC)LLlOWING STATEMENTS APPLY WHEN NODES (EXCEPT WELL NODES) COF 960 
C GO DRY--- 

PERWiN)=O? 
COF 970 
COF 900 

T(NjtO.0 
TRiN-DIWL)=O. 

COF 990 
COFlOOO 

TRiNlqO. CoFlolo 
TC(N-lb-O. COF1020 
TC(NI=O. ’ COF1030 
PHI(N)=SURI(N) COF1040 
WRITE (fJe!50) IIJ COF1050 

60 CONTINUE COF1060 
IF (KT.kQ.0) RETURN COF1070 
GO TO 90 COFlOBO 

C COF1090 
C ---START PFOGRAM TERMINATION WHEN A WELL GOES DRY--- COFllOO 

70 WRITE (Pt120) IeJ COFlllO 
WRITE (Pei301 COFll20 
IERR=l COF1130 
CALL DRDN COF1140 
00 80 1=211NOl COFll50 
DO 89 Jr21JN01 COF1160 
N=I+DIHL*(J-1) COF1170 



FINITE-DIFFERENCE MODEL FOR AQUIFER SIMULATION 109 

P~ogrm listing-&ntinued 

GO PHI (N)=KEEP (N1 COF1180 
SUbSUM-DEL1 COFl190 
SUMPdUMP-DEL1 COFl200 
KT=KT-1 COf1210 
IF (KT.EQ.01 STOP COFl220 
IF (IDKZ.EQ,CHK(lS)) CALL DISK COFl230 
IF fPNCH.EQ.CHK(l11 CALL PUNCH COF1240 
IF (MOD(KTIKTH) .EQ.O) STOP COF1250 
WRITE (P11401 KTtSUM COF1260 
CALL DRDN COP1270 
IF (CHCKeEQ.CHK(511 CALL CWRITE COF12GO 
STOP COFl290 

COFI300 
---COMPUTE T COEFFICIENTS--- COF1310 

C 0oo0oo0ooooooooooooo COF1320 
ENTRY TCOF COF1330 

C OOooooooooooooOoOooO COF1340 
90 DO 110 I=lrIkOl COF1350 

DO 110 J=lrJNOl COF1360 
N=I+DIML*(J-11 COF1370 
NR=N*DIML COF1380 
NB=N+l COF1390 
IF (T(N1.EQ.O.) GO TO 110 COF1400 
IF (T(NR1rEQ.O.) GO TO 100 COF1410 
TR(N)=(2.*T(NRl*T(N))/(T(N)*DELX(J*l)’t(NR)*DELX~J))*FACTX COF1420 

100 IF (T(NG1rEQ.O.) GO TO 110 COF1430 
TC(N)r(2~*T(NG)*T(N))/(T(N)*DELY(I+l)*T~NB)*DELY(I~)*FACTY COF1440 

110 CONTINUE COF14SO 
RETURN COF1460 

C COF1470 

: 
---FORMATS--- CoF14GO 

COF1490 
C --,----,---,,,,,-,-,----------------------------------------------COFl500 
C COF1510 
C COF1520 

120 FORMAT t‘-*************WELL’eI3e’v’vI3e t GOES DRY**********+***~) COFl530 
130 FORMAT (‘l~rSOX~‘DRAWDOCN WHEN WELL WENT DRY0 COF1540 
140 FORMAT (‘1’e32Xv~DRAWDOWN FOR TIME STEPcrI3rci SIMULATION TIME =‘vCOF1550 

llPE15.79’ SECONDS’) COF1560 
150 FORMAT (‘0*r20(‘*‘1* ’ NODE ‘tI4,‘r’,I4r’ GOES DRY ‘e20(‘*‘)1 COFl570 

COF15GO- 

: 
C 

: 

C 

C 

D 

SURROUTINE CHECKI(PHI~KEEPIPHEISTRTITITRITCISIQREIWELL~TL~PERM~GOTCHK 10 
~TOMISY,RATE~RIVER~M~TOP~GRND~DELY) CHK 20 

,,,,,,,,-,,,,,,,,,,,-,,,,,,---------,---------------------------CHK 30 
COMPUTE A MASS BALANCE CHK 40 
,,,,,-,---,,-,,,-,-------------------------------------------~----CHK 50 

CHK 60 
SPECIFICATIONSI CHK 70 
REAL ‘APHIeOGLE CHK 80 
REAL l 4KEEP cH CHK 90 
INTEGER RIPIPUIDINLIDIMW~CHK(WATERICO~VRT,EVAP~CHCK~PNCH~NUM~HEAD~CHK 100 

1CONlR~LEAK,RECH*SIRtADI CWK 110 
CHK 120 

DIMENSION PHI(IZIJZ)~ KEEP(IZvJZ)r PHE(IZeJt)r STRT(IZIJZ)~ TtIZeJCHK 130 
1Z)r TR(IZ*JZ), TC(IZ*JZ)r S(IZeJZ)r QRElIZrJZ)r WELL(IZrJZ1r TLtIZCWK 140 
21JZ) * PERHfIZ9JZ)q BOTTOH(IPIJP~~ SY(IPIJP)* RATE(IRwJRlv R1VERtIRCHK 150 
3rJR) e M(IReJR), TOP(ICeJC)r GRNDtILvJLBv DELX(JZ)r DELYtIZ) CHK 160 

CHK 170 
COMMON /SARRAY/ VF4(ll)rCHK(lS) CHK 180 
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Program Wing-Continued 

COMMON /SPARAM/ WAT ‘ER~CONVRT~EVAP~CHCK,PNCHINUMIHEdDICONTR~EROR~LECHK 190 
~AKIAECHISIPIUISSITT ‘~TMIN~ETDIST~QEf,ERRITMAXICDLfrHMAXIYDIM~UIDTH~CHK 200 
2NUMStLSOR~AllI~DELT~ SUM~SUMP~SURS~SfORE~TESTIETQB,ETQD~FACTX~FACTY~CHK 210 
3IERR~KOUNT,IFINAL~NUMTIKTIKPINPER,KTW,IlMAX~LENGTH~NWEL~NU~DIML~OICHK 220 
4MWtJNOlrINOlrR~P,PUIIIJIIDKl~IDK2 CHK 230 

COMMON /CK/ ETFLX~~STORTIQRETICHST~C~O~,FLUXT~PUMPT~CFLUXT*FLXNT CHK 240 
COMMON /ARSIZE/ IZ~JZ~IP,JP~IRrJR~ICIJCIIL~JL~IS~JSIIHIfMAX~IMXl CHK 250 
RETURN CHK 260 

t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.............................. CHK 270 
C 0o0+0oooooooOo0ooo0o CHK 280 

ENTRY CHECK CHK 290 

E 
oo0o0ooooo0oooooooo0 CHK 300 
---INITIALIZE VARIABLES--- CHK 310 
PUMRMO. CHK 320 
STOR=O. CHK 330 
FLUXS=O.O CHK 340 
CHD110.0 CHK 350 
CHDZ=O.O CHK 360 
QREFLX=O. CHK 370 
CFLUXMO. CHK 300 
FLUX=O. CHK 390 
ETFLUX=O. CHK 400 
FLXNrO.0 CHK 410 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CHK 420 
C 
C ---COMPUTE RATESeSTORAGE AND PUMPAGE FOR THIS STEP--- 

DO 240 I=Z*CIML 
DO 240 J’2vCIMW 
IF (T(IrJb.EQ.0.) GO TO 240 
AREA=DELX(J)*DELY(I) 
IF tS(1131.GE.0.) GO TO 120 

C 
C ---COMPUTE FLDY RATES TO AND FROM CONSTANT HEAD ROUNDARIES--- 

IF (S(IeJ-l).LT.O..OR.T(I~J-ll.EQ.O.1 GO TO 30 
X=(STRTtI~J)-PHItIrJ-111*TRtI*J-l1*DELY(I1 
IF o() 10130r20 

10 CHDl=CHDI*X 
GO TO 30 

20 CHDZ=CHO2,X 
30 IF (S(ItJ*1~.LT.O..OR.T~I~J+l~.EQ.O.~ GO TO 60 

X=(STRT(IrJ)-PHI~I~J*l~~*TR~I~J~*DELY~I~ 
IF (X1 40r60r50 

40 CHDl=CHDl*X 
GO TO 60 

50 CW02=CH02~X 
60 IF (StI-l,J).LT.O..OR.T(I-lqJl.EQ.0.) GO TO 90 

X=(STRT~IrJ~-PHIfI~1rJ))*TC~I-l~J~*DELX(J~ 
IF (X1 70r90r80 

70 CHO~=CHDl*X 
GO TO 90 

00 CHOZ*CHOZ+X 
90 IF ~S~I~lrJ~.LT.O..OR.T~I~l~J~~EQ.O.~ GO TO 240 

X=(STRT(I~J)-PHI~I*l~J~~*TC~I~J~*DELX(J) 
IF (X1 100~240rllO 

100 CHDl=CHDl+X 
GO TO 240 

110 CHDt=CHD2+X 
GO TO 240 

C 
C ---RECHARGE AND WELLS--- 

120 QREFLX=QREFLX+QRE(IvJ)*AREA 

CHK 430 
CHK 440 
CHK 450 
CHK 460 
CHK 470 
CHK 480 
CHK 490 
CHK 500 

CHK 510 
CHK 520 
CHK 530 
CHK 540 
CHK 550 
CHK 560 
CHK 570 
CHK 580 
CHK 590 
CHK 600 
CHK 610 
CHK 620 
CHK 630 
CHK 640 
CHK 650 
CHK 660 
CWK 670 
CHK 680 
CHK 690 
CHK 700 
CHK 710 
CHK 720 
CHK 730 
CHK 740 
CHK 750 
CHK 760 
CHK 770 
CHK 780 
CHK 790 
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Progrm lia t&g-Continued 

D 

IF (YELLtItJ)) 130rlSOt140 
130 ~~M~~P~~~~WeLLlIrJ)*AREA 

140 CFLUX=CFLUX*UELL(IIJ~@AREA 
150 IF tEVAP.NE.CHK(6)) GO TO 190 

C 
C ---COMPUTE ET RATE--- 

IF (PHI(I~J).GE,GRNO(IrJ)-ETOIST) GO TO 160 
ETQsO.0 
GO TO 100 

160 IF (PHI(I~Jl.LE.GRND(ItJ)) GO TO 170 
ETQ=QET 
GO TO 160 

170 ETQ=QET/ETDIST~~PHI~I~J~~ET~ISTIGRND~I~J~~ 
180 ETFLUXsETFLUX-ETQ*AREA 

C 
C ---COMPUTE VOLUME FROM STORAGE--- 

190 STORE=S(IrJ) 
IF (WATER.EQ.CHK(Z)) STORE=SY(IrJ) 
IF (CONVRT.NE.CHK(7) 1 GO TO 230 
X=KEEP(IeJ)-PHI(I*JI 
IF (X1 200t2100210 

200 HEO~‘PHI(IIJ) 
HEDE=KEEP(IeJ) 
X=ABS(Xl 
GO TO 220 

210 HEDl=KEEP(I*J) 

CHK 800 
CHK 810 
CWK 820 
CHK 830 
CHK 840 
CHK 850 
CHK 860 
CHK 070 
CHK 860 
CHK 890 
CHK 900 
CHK 910 
CHK 920 
CHK 930 
CHK 940 
CHK 950 
CHK 960 
CHK 970 
CHK 900 
CHK 990 
CHKlOOO 
CHKlOlO 
CHKlOtO 
CHK1030 
CHK1040 
CHKlOSO 
CWK1060 

HEDZ=PHI (IeJ) CHK1070 
220 STORE+S(IrJ) CHKlO80 

IF (WEDI-T0Pt1~Jl.LE.0.1 STORE=SY(IvJ) CHKlO90 
IF ~~HED1-TOP~I~J))*~HED2-TOP~I~J~~.LT.O.Ol STORE=(HEDl-TOP(IIJ))/CHK~~OO 

~X*S(IIJ)+(TOP(IIJ)-HED~)/X*SY(I~J) CHKlllO 
230 STOR=STOR+STORE*(KEEP(IIJ)-PHI(lrJ))oPREA CHKll20 

C CHK1130 
C ---COMPUTE LEAKAGE RATE--- CHK1140 

0 

IF (LEAK.NE.CHK(S)) GO TO 240 CHK1150 
IF (M(IIJ),EQ.O.) GO TO 240 CHKll60 
HED~=STPT(IIJ) CHKll70 
IF (CONVRT.EQ.CHK(7)) HEDlnAMAXl(STRT(ItJ)eTOPtIvJB) CWKll80 
HED2=PHI (IrJ) CHKll90 
IF (CONVRT.EQ.CHK(7)) HED2~AMAXl(SNGL(PHI(IIJ))rTOPO) CHK1200 
XX=RATE(IIJ)*(RIVER(I~J)-HEDl~*AREA/N(lrJ~ CHK1210 
YY=TL(IIJ)*(HEDI-HED2)“AREA CHK1220 
FLUX=FLUX+XX CHK1230 
XNET=XX*YY CHK1240 
FLUXSnFLUXS+XNET CHK1250 
IF (XNET.LT.0.) FLXN=FLXN-XNET CHK1260 

240 CONTINUE CHK1270 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CHK1280 
C CHK1290 
C ---COMPUTE CUMULATIVE VOLUMES9 TOTALS* AND DIFFERENCES--- CHK1300 

STORT=STORT+STOR CHK1310 
STOR=STOR/DELT CHK1320 
ETFLXTnETFLXT-ETFLUXoDELt CHK1330 
FLUXT=FLUXT*FLUXS*DELT CHK1340 
FLXNT=FLXNT*FLXN*DELT CHK1350 
FLXPT=FLUXT*FLXNT CHKl360 
QRET=QRET*QREFLX*OELT CHKl370 
CHDt=CHDT-CHOl*DELT CHK1360 
CHST=CHST+CHD2aDELT CHK1390 
PUMPT=PUMPT-PUMP*DELT CHK1400 
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CFLUXT=CFLUXT+CFLUx*DELT CHK1410 
TOTLl=STORf*QRET+CFLUXT*CHST*FLXPT CHK1420 
TOfL2=CHDT+PUMPT+ETFLXT*FLXNT CHK1430 
SUMR=QREFLX*CFLUX*CHD2~CHDl+PUMP*EfFLUX*FLUXS~STOR CHK1440 
DIFF=TOTLE-TOTLl CHK1450 
PERCNTrO.0 CHK1460 
IF (TDTLE.EQ.o.1 GO TO 250 CHK1470 
PERCNT=DIFF/TDTL2’100. CHK1480 

250 RETURN CHK1490 
C ~*~.~~~~~~~~~.~~~~~.~..~~~,~~...,..........,................,...,.CHKl500 
C CHKl510 
C ---PRINT RESULTS--- CHK1520 
C ~*040,0*,,*4~0001*0**~~~ CHK1530 

ENTRY CWRITE CHK1540 
C 0001aQlQO~QQlOQOO,Q*OQO* CHK1550 
C CHK1560 

WRITE (P’260) STOR’QREFLX’STORT’CFLUXtQRET’PUMP’CFLUXT’ETFLUX~CHSTCHKl57O 
~‘FLXPT’CHD~ITDTL~~CHD~‘FLUX’FLUXS~ETFLXT~CHDT’SUMR~PU~PT’FLXNT’T~TCHK~~~O 
ZL2’DIFF’PERCNT CHK1590 

RETURN CHKl600 
C CHK1610 

E 
---FORMATS--- CHK1620 

CHK1630 

E 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,-,,--------------------------CHKl640 

CHK1650 
C CHK1660 

260 FORMAT (‘0’rlOX”CUMULATIVE MASS BALANCE”rl6X”L**3’,23X”RATES FCHK1670 
10R THIS TIME STEP:“16X”L*“3/T’/llX’24~’ -‘1’43X’25(‘-‘)//2OX”SOUCHKl680 
2RCESl’r69X”STORAGE =‘,F20.4/20X,8f’-‘)r68X”RECHARGE =“F26.4/27XCHK1690 
3r’STORAGE =‘rF20.2’35X”CONSTANT FLUX =“F20.4/26X”RECHARGE =‘rF2CHK1700 
40.2’4lX”RUNPING =‘rF20.4/21X”CONSTANT FLUX =‘rF20.2’30X”EVAPOTRCHKl710 
SANSPIRATION =‘,F20.4/21X”CONSTANT HEAD =“F20.2’34X”CONSTANT HEPCHK1720 
60:‘/27X”LEAKAGE r”F20.2’46X”IN =“F20.4/21X”TOTAL SOURCES =*,FCHKl730 
720.2’45X”OUT ~“F2O~4/96X”LEAKAGEI(/ZOXI’DISCHARGES;”45X”FROM CHK1740 
BPREVIOUS PUWPING PERIOD =“F2O.4/20X,ll(‘-‘)r68XI(TOTAL =@rF20.4/1CHK1750 
96X”EVAPOTRANSPIRATION =‘qF20.2/21X”CONSTANT HEAD =‘,F20.2,36X”SCHK1760 
SUM OF RATES =“F20.4/19X’QUANTITY PUMPED =“F20.2/27X,‘LEAKAGE r’tCHKl770 
SF20.2/19X”TDTAL OISCHARGE =“F20.2//17X”DISCHARGE-SOURCES =‘rFZOCHK1780 
S.2/15X’*PER CENT DIFFERENCE =‘*F20.2//1 CHK1790 

END CHK1800- 

SUBROUTINE PRNTAI(PHI’SURI’T’S’WELL’DELX’DELY1 PRN 10 
C ,-,---------------------------------------------------------------pRN 20 

5 
PRINT MbPS CF DRAWDDWN AND HYDRAULIC HEAD PRN 30 
---.-.------------------------------------------------------------pRN 40 

C PRN 50 
C SPECIFICATIONS1 PRN 60 

REAL l ~PHI’ZIXLABEL’YLA~ELITITLE’XN~‘MESUR PRN 70 
REAL *4K PRN @O 
INTEGER R’P’PU,DINL,DIMW’CHK’WATER’CDNVRT’EVAP’CHCK’PNCH’NUM’HEAD’PRN 90 

ICONTR’LEAK’RECH’SIP’ADI PRN 100 
C PAN 110 

DIMENSION PHI(IZIJZ)~ SURI(IZ’JZ1’ S(IZ’JZ1’ WELL(IZ’JZ1’ DELXLJZ)t”; ;:; 
1, DELY(IZ1’ T(IZ’JZ1 

C PRN 140 
COMMON /SARRAY/ VF4(111rCHK(151 PRN 150 
COMMON /SPARAM/ WATER,CON~RTIEVAP’CHCKIPNCH’NUMIHEAD’CONTR’EROR~LEPRN 160 

lAK~RECHrSIP.U’SSrTT,TMIN,ETDIST’QET’ERR’TM4X’CDLT’HMAX’YDIM’WIDTH~PRN 170 
2NUMStLSOR’ADI,DELTrSUM’SUMP’SUBSISfORE,TEST’ETQ8~ETQD’FACTX,FACTY~PRN 180 
~IERR’KOUNT’~FINAL’NUMT~KT’KP’NPER’KTH’ITMAX~LENGTH~NUEL’NW’DIML~DIPRN 190 
4HW’JNOlrINOlrR’P’PU~I’J’IDKl~IDK2 PRN 200 
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SIMULATION 113 

COMMON /PI?/ XLABEL~3~~YLABEL~6~rTITLEOrXNl~MESUR~PRNl~l22~~~LAN~PRN 210 
1~60~rDIGIT~122~~VFl~6~~VF2~6~rVF3~7~~XSCALE~DINC~~SY~~l7~~Xw~lOO~~PRN 220 
2YN(13)rNA(4)rNltNZ~N3rVSCALEgFACTlpFACT2 PRN 230 

COMMON /ARSIi!E/ IZ~JZ~IP~JP,IR~JR~ICIJC~~LIJLIISIJS~IHIIMAX,IMX~ PAN 240 
RETURN PRN 250 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PRN 260 
C PRN 270 
C ---INITIALIZE VARIABLES FOR PLOT--- PRN 280 
C O*O*OOOOOO9OOO000O00 PRN 290 

ENTRY MAP PRN 300 
C OOOOOOOOOOOOOOOOOOOO PRN 310 

10 XSF=DINCH*XSCALE PRN 320 
YSF=OINCH*YSCALE PRN 330 
NYD=YPtM/YSF PRN 340 
IF (NYO*YSF.LE.YDIM-DELY(INOl)/2.) NYD=NYD*l PRN 350 
IF (NY0.LE.12) GO TO 20 PPN 360 
DINCH=YOIM/112.*YSCALE) PRN 370 
WRITE tPe310) DINCH PRN 300 
IF (YSCALE.LT.l.0) WRITE (Pt320) PRN 390 
GO TO 10 PRN 400 

20 NXO=WIOTH/XSF PRN 410 
IF (NXD*XSF.LE.WIDTH-DELX(JNOl)/2.) NXD=NXD*l PRN 420 
N4=NXD*Nl+l PRN 430 
NS=NXD* 1 PRN 440 
N6=NYD+l PRN 450 
NG=NZ*NYD*l PRN 460 
NA(l)=N4/2-1 PRN 470 
NA (2 1 =N4/2 PRN 480 
NA (31 =N4/2*3 PAN 490 
NC=(N3-NB-lo)/2 PRN 500 
ND=NC*N@ PAN 510 
NE=MAXO tN5rN6) PRN 520 
VFl(3~=OIGIT(ND) PRN 530 
VF2(3)=DIGIT (ND) PRN 540 
VF3(3)=OIGIT(NC) PAN 550 
XLABEL (J)=MESUR PRN 560 
YLABEL I6)=HESUR PRN 570 
DO 40 I=lgNE PAN 500 
NNX=NS-I PRN 590 
NNY=I-1 PRN 600 
IF (NNY.GE.N6) GO TO 30 PRN 610 
YN(I)oYSF*NNY/YSCALE PRN 620 

30 IF (NNX.LT.0) GO TO 40 PRN 630 
XN(I)=XSF*NNX/YSCALE PR1U 640 

40 CONTINUE PRN 650 
RETURN PAN 660 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PRN 670 
C PRN 680 
C OOOOOOOOOOOOOOOOOOOO PRN 690 

ENTRY PRNTA (NO) PRN 700 

E 
oooOoOooooooooo*OoOo PRN 710 
---VARIABLES INITIALIZED EACH TIME A PLOT IS REQUESTED--- PRN 720 
DIST=WIDTH-DELX(JNO11/2. PRN 730 
JJ=JNOl PRN 740 
LL=l PRN 75Q 
Z=NXD*XSF PRN 760 
IF (NG.EQ.l) WRITE (Pt280) (TITLE(IbrI=lr2) PRN 770 
IF (NG.EQ.2) WRITE fP1280) (TITLE(I) rI=3rS) PRN 780 
DO 270 I’lrN4 PRN 790 

c PAN 800 

B 

C ---LOCATE X AXES--- PRN 810 
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IF (I.EQ.l.OR.I.EQ.N4) GO TO 50 PRN 820 
PRNT(l)=SYM(l2) PRN 830 
PRNffN8)=SYW(12) PRN 840 
IF ((I-l)/Nl*Nl.NE.I-1) GO TO 70 PRN 850 
PRNT(l)=SYM(l4) PRN 860 
PRNT(NG)iSYM(lQ) PRN 870 
GO TO 70 PRN Be0 

C PRN 890 
C ---LOCATE Y AXES--- PRN 900 

50 DO 60 J=lrNG PAN 910 
IF ((J-l)/N2*NZ.EP.J-1) PRNT(J)=SYH(14) PRN 920 

60 IF ((J-l)/NZ*N2.NE.J-1) PRNT(J)=SYH(13) PRN 930 
C PRN 940 

C ---COMPUiE LOCATION OF NODES AND DETERMINE APPROPRIATE SYMBOL--- PRN 950 
70 IF ~DIST.LT.O..OR.DIST.LT.Z-XNl*XSF) GO TO 220 PRN 960 

YLEN=DELY (2)/2. PRN 970 
DO 200 L=211N01 PAN 980 
J=YLEN*NZ/YSF*l.5 PRN 990 
IF fT(LeJJb.EQ.0.) GO TO 140 PRNlOOO 

IF (S(LeJJ)rLT.O.) GO TO 190 PRNlOlO 
INDX3=0 PRNI 020 
GO TO (80tQO)r NG PRNlO30 

80 K=(SURI(L*JJ)-PHI(LeJJ))‘FACTl PRN1040 
C -TO CYCLE SYMBOLS FOR DRAWDOWNI REMOVE C FROM COL. 1 OF NEXT CARbPRN1050 
C K=AMOO(KvlO,) PRNlO60 

GO TO lb0 PRN1070 
90 K=PHI(LtJJ)*FACT2 PRNlO@O 

100 IF (K) llOt140t120 PRNlO90 
110 IF (J-2,GT.O) PRNT(J=L)=SYHf13) PRNllOO 

No-K PRNlllO 
IF (N.LT.100) GO TO 130 PRNll20 
GO 70 170 PRNll30 

120 N=K PRNll40 
IF (N.LT.lOO) GO TO 130 PRNll50 
IF (N.GT.999) GO TO 170 PRNll60 
INDX3=N/lOO PRN1170 
IF (J-2.GT.0) PRNT(J-E)=SYH(INDX3) PRNl180 
ti=N-INOX3”lOO PRN1190 

130 INDXl=MODfNtlO) PRN1200 
IF (INDXlrEQ.0~ INDXl=lO PRNl210 

C -TO CYCLE SYMBOLS FOR DRAWDOWNI REMOVE C FROM COL. 1 OF NEXT CARD-PRN1220 
C IF (NG.EQ.1) GO TO 150 PRN1230 

INDXL=N/lO PRN1240 
IF (INDXE.GT.0) GO TO 160 PRN1250 
INbXZ=lO PRN1260 
IF (INDXJ.EQ.0) INDX2=15 PRN1270 
GO TO 160 PRN1280 

140 INDXl=lS PRN1290 
150 INDXZ-15 PRN1300 
160 IF (J-1,GT.O) PRNT(J-l)=SYM(INDXE) PRN1310 

PRNT(J)=SYM(INDXl) PAN1320 
GO TO 200 PRN1330 

170 DO 180 1X=1*3 PRN1340 
JI=J-3+1 I PRN1350 

180 IF (JI.GT.0) PRNT(JI)=SYM(ll) PRN1360 
190 IF (S(LtJJ).LT.O.) PRNT(JlnSYM(16) PRN1370 
200 YLEN=YLEN*(OELY(L)+DELY(L*1))/2. PRN1380 
210 DIST=DIST-(DELX(JJ)*DELX(JJ-1))/2. PRN1390 

JJ=JJ-1 PRN1400 
IF (JJ.EQ.0) GO TO 220 PRN1410 
IF fDIST.GT,Z-XNl*XSF) GO TO 210 PRN1420 



220 
c 
C 

230 

240 

250 
C 
C 

260 

270 
C 
C 

C 
C 
C 
C 

0 
C 
C 

280 

“--“--------------‘-““-‘----------------------------------------------pRNl690 

PRN1700 
PAN1710 

FORMAT (‘1”53X’4AB//b PRN1720 
290 FORMAT (‘OEXPLANATION’/’ ‘rll(‘-‘I//* R ” CONSTANT HEAD BOUNDARY’/PRN1730 

1’ “I” = VALUE EXCEEDED 3 FIGURES’/’ MULTIPLICATION FACTOR =*tF8.3)PRN1740 
300 FORMAT (‘0”39X’6AB) PAN1750 
310 FORMAT ~‘0”25X’10~‘*0” TO FTf MAP WITHIN 12 INCHES’ DINCH REVISPRN1760 

1ED TO’rG15.7’lX*10~‘*‘)) PRN1770 
320 FORMAT (‘O’r45X”NOTE’ GENERALLY SCALE SHOULD BE > OR = 1.0’) PRN17CO 

END PRNl’TSO- 

B 
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Progrmn listing--Continued 

CON1 INUE 

---PRINT AXES’LABELS’ AND SYMBOLS--- 
IF (I-NA(LL1.ED.O) GO TO 240 
IF ~(I~I~/Nl”Nl-(I-1)) 250’230’250 

SIMULATION 

WRITE (P’VFl) (BLANK(J)‘J=l’NC)‘(PRNT(J)‘J=l’NB)rXN(1*fI~l)/6) 
GO TO 260 
WRITE (P’VFZ) (BLANK(J)rJ=lrNCl((PRNT(J)~J=l~N6)~XLABEL(LL) 

LL=LL* 1 
GO TO 260 
WRITE (P’VFZ) TBLANK(J)‘J=l’NC)‘(PRNTotJ’lrNB) 

---COMPUTE NEW VALUE FOR 2 AND INITIALIZE PRNT--- 
ZsZ-2.QXNl’XSF 
00 270 J=lrNB 
PRNTfJ)=SYM(lS) 

---NUMBER AND LABEL Y AXIS AND PRINT LEGEND--- 
WRITE (P’VF3) (BLANK(J)rJ=~‘NC)‘(YN(I)‘I=l’N6) 
WRITE (P’300) (YLABELt I) rI+lr6) 
IF (NG.EQ.l) WRITE (P’290) FACT1 
IF (NG.EQ.2) WRITE (P’2901 FACT2 
RETURN 

---FORMATS--- 
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PRN1430 
PRN1440 
PRkl450 
PRN1460 
PRN1470 
PRN1480 
“RN1490 
PRN1500 
PRNl510 
RRN1520 
PRN1530 
PRN1540 
PRN1550 
PAN1560 
PRN1570 
PRN1580 
PRN1590 
PRN1600 
PRNlhlO 
PRN1620 
PRN1630 
RR!1640 
PRN1650 
PRN1660 
PAN1670 
PRNlb@O 

BLOCK DATA BLD lo 
C w------e-- BLD 20 

REAL “BXLABEL~~YLABEL’TITLEIXNlrMESUR’RHO’B’D’F’H BLD 30 
INTEGER RIPIPU’DIMLIDIMW’CHK’WATER’CONVRT’EVAP’CHCK’PNCH’NUM’HEAD’BLD 40 

lCONTR’LEAK’RECHrSIPIAD1 BLD 50 
C BLD 60 

COMMON /DPARAH/ RhO’B’D’F’H BLD 70 
COMMON /SARRAY/ VF4(ll)‘CHK(lS) BLD 80 
COMMON /SPARAM/ WATER’CONVRT’EVAP’CHCK’PNCH’NUM’HEAD’CONTR’EROR’LER~D 90 

lAK’RECH’SIP’U’SS’TT’TMIN’ETDIST’QET’ERR’TMAX~CDLT’HMAX’YDIM,WIDTH’BLD 100 
2NUMS’LSOR’AOIrDELt’SUM’SUMP~SUBS’STORE~TEST’ETQB’ETQD,FACTX’FACTY’BLD 110 
3IERR~KOUNT’IFINAL’NUMT’KT’KP’NPER’KlH’ITMAX’LENGTH’NWEL’N~’DIHL’DIBLD 120 
4MW~JNOl’INOl’R~P*PU’I~J’IDKl’IDK2 BLD 130 

COMMON /PR/ XLABEL(3)‘YLABEL(6)rTITLE(S)‘XNl*MESUR’PRNT(l22)‘BLANKBLD 140 
1~60~‘DIGIT~122~rVF1~6~‘VF2~6~‘VF3~7l’XSCALE’DINCH’SYM~l7~’XN~lOO~‘BLD 150 
EYN~13)‘NA~4)‘Nl’N2’N3’YSCALE’FACTl’FACT2 

COMMON /ARSIZE/ IZ’JZ’IP’JP’IR’JR’IC’JC’IL’JL’IS’JS’IH’IMAX,IMXl 
BLD 160 
BLD 170 

C OOO~O~~~~O~OOOOOO~OOOOOOOWO~OOOOOOO~O~OOOOOOO~OOOOO~OOOOOOO~OOOOOO~~~ 180 

C BLD 190 
DATA IZ’JZ’IPIJPIIR’JR’IC’JC’IL’JL~IS’JS’IMAX/~~~~O/‘IH/~/ BLD 200 
DATA CHK/‘PUNC’r’WATE’r’CONT”‘NUME”‘CHEC’r(EVAP”’CONV’,‘HEAD”‘BLD 210 
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lLEAK*r*RECU'r~SIP *r'LSOR~ r'ADI'r'DK1 re*DK2 '/~RtP*PU/St6t7/rBtDieLD 220 
2FvH/4*0.D0/ BLD 230 

DATA SY~/~l'~'2'r'3'r‘4'~'5'~'6'~'7'~'~'~~9'~'O'~‘~'~'l'~'-~~'+~~~BLD 240 
1 ,,‘R’v*w’/ BLD 250 

DATA PRNT/l22*’ ‘/*Nl*N2tN3*XNl/6*lO*l33*.833333333D~l/tGLANK~6O~‘GLD 260 
1 t/*NA(4)/1000/ BLD 270 

bATA XLAlW?L/', X DIS- ‘*‘TANCE IN’,’ MILES ,/,YLAEELJiDISTANCEq(, BLD 280 
1FRDk bRt*tIGIN IN t*‘Y DIRECT’*‘ION* IN ‘*‘MILES q/rTITLE/'PLOT BLD 290 
2OF !r'DRAWDCWNtrfPLOT OF criHYDRAULI'rct.HEAD*/ BLD 300 

DATA DIGIT/t1t,t2ttt3t*‘4’*‘S’*‘6’ ~'7'r'8'r!9'~'lO~r~,ll'.~l~'~*l3'8LO 310 
1*~14tr’15***16***,l7**t18’**19’*t20* ~'21'r*22'r'23'r'24'~~25~~*26~~BLD 320 
2'27'r'28'r'29~r'30'r'31'r,32'r'33'r'39(~~35'~'36'~*37'~'38','39~~'BLD 330 
340,r(4l,r'42','43,(~44~~~45~~~46~ ,~47~,~48~,~49'r'50~('51'('52,r'SBLD 340 
43~,'54~r'55~t~56~r~57(,(58(,(59t *‘60’*‘61’t*62’*t63*tt64***65t**66BLD 350 
5***67t*t68**‘69***70***71***72t*t73t*t74t*t75t*t76t**77***78**t 79BLD 360 
6t*t80**t81’**82’r’83t*t84t*t85t *t86ttt87ttt88’*t89t*t9O*tt9lttt92’BLD 370 
7tt93ttt94’t’95ttt96tt*97~t~98rr,99t *‘100’**101’t’102**‘103*.t 104'BLD 380 
8**105’**106**t107’**108***109t**110* r’)11’r~112’r~113’r’114~~~115~~LD 390 
9r’116’r~117’~‘118’r~119~~~120~~~121~~’122~/ BLD 400 

DATA VFl/t(lH tttt’tt t*tAl*Fttt10.2t*t~t/ BLD 410 
DATA VF2/'(lH ttqtttt t*tAl*lt*tXtA8t*t~t/ BLD 420 
DATA VFJ/t(lHO'rtrtrt t*tAl*F**t3.t*t*‘l2Flt*tO.2J*/ 8LO 430 
DATA VF4/t(lHotr,(t+' tttX*I2t*t*2X*t*t2OF6ttt.l/~**t tttXt2BLD 440 

l0t*tF6.1tttl~‘/ ELD 450 
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 460 

END BLD 470- 
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